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Each volume of this Atlas containg precipitation-freqaency
maps for 6 and 24-hr darations for return periods from 2 to 100
yrs for one of the 11 westeen states (west of about 103° W.).
Also included nre methods and nomograms for cstimating values
for duratioris other than 6 and 24 hre. This new scrics of maps
differs from previous publn:'ukmx (hrough geeater atention to the
relation berween nd valucs.
This relation is studicd ulnm:»cly thm“sh the use of multigle
regression sexcening icchniques which develop equations used to
assist in'interpolating values betwesn stations in regions of sparse
data. The maps were drawn on a scale of 1:1,000,000 and reduced
o 1:2,000,000 for publication.

In uddmon to l'c maps, ¢uch vo)ume m..ludcs a histericat
review of preci studies, 2 d ion of the data
handling and an;\lym mclhods, a seciion on the use and interpreta-
tion of the maps, und a section outlining informatiori pertinent to
the precipitation-frequency regime in the individual state. This
state section includes a discussion of the in:portance of snow in the
precipiiation-frequency analysis and formulas und nomograms for
obtaining valucs for 1-, 2-, 3, and 12-hr durations,

Previous precipitation-frequency studies for the 11 western
states have considered topography in caly o géneril sense despite
the numerous mountain ranges present. As 2 result, variation in
precipitation-frequency values is greaier than was portrayed in
these studies. In ihis Atlas, the relation between precipitation-
frequency vehies and topography has been considercd both ob-
jectively und subjectively.

This work bas beea supported and financed by the Soit Con-

Service, Department of Agricelture, to provide. material
for use in developing planning and désign c'xlcrm for the Wat.
ershed Protection and Flood Prevention program (P.L. $66, 83d
Congress and as ameéndzd).

Euch volume of the Atlas can be considered o consist of

three parts, The first pant containg several sections giving a histori-.

cal review of the. fiefd, & discussion ol |Iu approach and methods
used inthe 1 of the preci £} aps, and a
discussion of how w0 mh.rpm nnd use the mapc This section
outlines the general k ion and is licable to
all states. The second par. of the Adas contzins 4 discussica of
items perfinent to the individual state. Included in this section are
methods and nomograms designed to éstimate precipitation-tre-
qumcy values for durations other fhan 6 and 24 hrs. These
were devefaped for broad geographic regions; the ones
npphcahc to u pagticular state are rml.Lh.d -in the appropriaws
volume, The last part contains the maps for the 6~ and 24-hr
durations for retum periods of 2, 5, 10, 25,50, and 100 yrs.
Coordination with the Sei] meservgt;cxx Scrvice was main-
tsned tarough Kenneth M. Kent, Chiel, Hydrology Branch, Engi-
neering, Division, und through his successar, Robert E. Rallison.
The work was dong in the Specinl Studies Beanch, Water Manage-
ment Information Dividion, Office of Hydrology, National Weather
Setvice, Hugo V. Goodyear, Chief of the Branch (since retired)
made many umlﬂ;uuons e the prcpara ion of the final ranu-
seripi. Ovarall di and’gul was fomished by William E.
Hiatt, Associate Director (Hydrology), Nationial Weather Service,
his successor, Max A. Kofier, and Joseph Paulhus, former. Chief,
Water. Management Information Division. Daja tubulations, com-
putations and many other assisting dutics were done by ihe Branch

meteorological technicians.
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Introduction

Analysis

Objective

Althoagh g lized mags of precip y values
havo been availubie for many years, tho oonsmrctxon of uupluvml
lines in mountainoes regions has been done

nests, was the first study published under the spoasorship of the
Soil Cmm.n-uou Service; it contains a series of precipitation in-

and: Its ¢ffect on precipitation in a gencral sense only. .mcsuga-
tions” for this Ailas were undcrluk.cn to dcpmt more mumey

tengity-d y curves for nbout 200 first-order
Wemhcx B\mau m!wub This was follewed by Weather Bureau
Te(_lxm.cf'l Paper No. 28 (U.S. Weather Burean 1956) which was

ju the p freg xegime in
regions of the {1 cortennimu: states west of approximately 103°
W. These investigations are-intended to provide material for use in
developing planning und design criteria for the Watorshed Protec-
tion and Flood Prevention prograrus.

Pumary ¢ntphasis has beea placed on developing generalized
raaps for precipitation of 6- and 24-hr duration and for retum
periods of 2 to 160 yrs. Procedurer nlso have been developed to
estimate values for L-hr duration, Valués fox other durations caa
be estimiated fron the 1, 6-, and 24-br dutation valués,

Historical Review

The first generalized study of the precipitation-fréquency re.
gire for the Ubited Stutes 'was prepared in the-carly 1930's by
David L. Yarnell (1935). Yamnell's publication centains a scrics of
generalized rainfall maps for durations of 5 mid to 24 hrs
for return perieds of 2 t0-100 yrs. Yameil's study served as o
basic-souree-of freguency data for ic and ‘engineering de-
sign uniit the middle 1950'. The maps were hased on data fiom

~about 200 first-order Weather Burea - -tationy equipped with re

cording precipitation gages. In-1940, about 3 yrs. after Yarell's
study ‘was published, a hydrologic network of recording gages,
supported. Jargely by the U.S. Army Corps of Enginects, was in.
stalled. This was done 10 supplement.the Weather Bureau record-
ing-gage network dnd the network of & refitively large aumber of

sn.cxpaniion of information contained in Technical Paper No. 24
to fonger return periods and durations, The five parts of Weather
Bureau Technical Paper No..29 (U.S. Weuther Bureag 1957-60),
for the region east of longitude 90° W., were published next. This

* Technical Paper inchided stasonal variation on a frequency basis

and ares-depth cucves so.that the point-frequency vatues could be
traasformed to arcal-frequency values:

In.the next study, Weather Bureau Technical Paper No. 40
s Wt.m.hcr Burcas i961), lhc msx‘kx of p'cmvus Weather
Burean i ions of the preci| _regime of the
contexminous United. States wen: combined mm a siagle publica-
tion. Investigations by the Weather Buxean dusing the 1950's had
1ot covered the region between longitudes 90° and 105° W. Tech-
nical Paper No, 40 contained the results of an investigition for this
region, and was the first such study of the midwestem plains region
since Yarnell’s work of the easly 1930's. Topography was consid-
cred only in & general sense in this and earlier studies. .

Techaical, |"1pcr \Io 40 h:n been accepted as the stendard
souree for ion in the United States

for the past decade. Resuls prmnwd in that publication ace most-

relinble in relatively flat plains, While the everages of point values
over re’atively. large mountainous regions are refiable, the varia-
tions within such regions are not rdequately defined. In the largest
of these regions, the western United States, tpography ‘plags »
significant role in thc jucidence and dmnbmmn of precipitation.

nonirecording gages maintained by private individuals in coop
uou v.lth the Wcathex Bureau, for & long pcnud of years. The

ng gages have Q! d'the amount
of short-duration (1- i 24-hy) precipitation data by a factor. of
abust 20,

Weather Bureas Technical Paper No. 24, published in two
parts, (U.S. Weather Burcau 1953-54a) was prepared for the
Corps of Enginects, in_connection with its military construction
progxnm Tm Icchmun Papcr comamed the results of the first

} of g ion for an exten-
siye vegian of |hc m.rt,.xs:d hydrolog:c data nétwork: The results
showed ‘the importaice of the additigizil dam fof defimng the
short-diiration rainfall:fregnency rcgnme i-a mowiisinoos région

" of the western Uniied bta(es In many instances, the dxﬂcrcncc‘

betweed thié- vidied given 'in Téchinfcal Papér No: 24 and ‘(hose
givesd by Yameit reath o factor- of. thtce, with Yarhell’s: figures
generally higher, Results from these two stodiés in the -United

‘States were then nicd o prepate simblar reports- for the coastal

regions of North Alfrica (U.S. Weather Burcan 1954b) and for
seveeal Arctic regions (U.S. Weather Boreay '19553) where ree
cording-gage dati weze. lacking: These reports were also prepared
it cooperation with the Corps of Engincers to support its military
construction program.,

15 1953, the Weather Bureas and the Soil Conservation Serv-
fee bigan u cooperitive cffort  to défine: the depth-drea-duration
precipitation-frequency tegime in the entire United States. Weather
Bureau Technical Paper No, 25 (U.S. Weather Burcau 1955b),
partly a byproduct of previous work done for the Corps of Engi-

(& , the Variations in preci values aro
uuually gn.:llcr than postrayed in th. regmn igati re-

Approach

The approach used for this Atlas is basically the same as that
used for Technical Paper No. 40, in which simplified relations
between duration and return period were used to determine numer-
ons combinations of returs perods and durations [xom ‘several
genernlized key maps, Yor uiis Atlas, relations. were developed
between precipitation-{requency vajues and meteorologic and topo-
graphic factors at observing sites. These were used to ald in intez-
potating valuos beowesn stations on the key maps

The kéy maps develaped in this study were for 2- and 100-yr
return periods: for 6- and 24-hr durations. The initial map devel-
oped wes for the 2-yr retum period for the 24-hr duration. This
retagi pesiod was selecied because values for shorier refurn peri-
ods can be estimated with greater reliability than for longer rcmm
periods. The 24-he duration was seiccted because this permi

Basic Data

Station location, Freguency analysls of precipitation data re-
quires a relatively long and stable station cecord. In anolyzing a
mean annoal or a scosonud precipitation map, it is possible to use
double-mass corve anafysis to evaluate the effects of changes. in
station location or exposnre, Within lmits, the effcets of differing
locations on the annual pi values can be climinated by
use of relations determined from the double-mass curve analysis
(Weiss -and Wilson 1953). However, no techaique for evaluation
and modification of a serics Of cxtreme precipitation valuss hag
been developed. Therefore, it was necessary to eusurc that the data
used in this Atlas represented, as nearly as possible, observations
taken from a single location.

Official records of station Jocations (Iatitude, longitiude. asd

use of daia from both recording and nosrecording gages. Also,
because an exteasive nonrecording-gage network wag in existence
for many years before the recording-guge network was established
in 1940, the period of record available for 24~hr observations is
much loager than that for the 6-hr duxation, The second map
developed was for the 100-yr return period for the 24-hr duration.
In the development of this map the-advantage of maximum sample
size and lfength of record was retained at the expinse of some
decrease i reliubility of computed valucs. The 6-hir maps for the
2-.and 100-yr retum periods followed. For the 6-hr duration, the
samplo size was materially sniaiter in both numbers and length of
record beeause only recording-gage data could be used. After these
four maps were completed, valucs for intermnediate return periods
were computed for 8 grid of about: 47,000 pmms, and appropriate
‘maps were prepared,

Ta previous studics, topography was consldersd only in a
gcncral scmc and the isopluvials werc drawn by mtx.rpolnung

ported herein were made using cucrently available longef records
and the maximum number of swations possible (consistent. with the
constraints explained in the section on Basic Data).

) ¢ between the individual smmns In prep this
Atlas, muluplc linear fegressi ions were developed 1or each
of many regions of ihe western United States od an aid to ostimat-
ing the precipltation-freqoency valugs st each of tb(ml. 47 000 gnd
points.. These equations. refated topographic and

‘tors o the voridtions in. the precipitation-fregpency values. Tso-
pb.mals were gmoothed subjectively between valucs in adjoining
.regions, The spbjective smootbing was bised upon experience in
analyzing precipitation-frequency maps; the arount of smootking
way' rarely grealer than. the standard errer of estimate for the
equations in the adjoining reglons.

were o ine pbysical moves. The crite-
rion wiis adopted that If & niove at any station changed the cleva-
tion 100 ft or'more or changed the horizontal location 5 mi ax
more, its data wete treaied as though they came from separate
stations, In some cuses, a station retained the same name but
investigation indicated that it bad been moved beyond acceptable
liraits. In such cases, the records for the station were terminated
and new records were staried. In other cnscs, ‘published sources
indicated location changes beyond acceptable lmits, but subse-
quent inspection of records indicnted these chapges wére corree-
tions to reported vahues of elovation, latitude, or longlude rather
than acwal physical moves. Thus, the obscrvations for-the station
actually were cegtinuous at ane, location. Qccasionally,. 8 Jesser
move zesulicd fn a sigaificant difference in exposure, such as from
the windward to the lec side of 4 mountain runge. Data from
stations such s \hese also were treated as dute from stpucaté’
stutiens.

‘Types of dnta. The primary data uscd in this- Atlas can be
divided into (wo categeries, First, there are data from recording
gages; these data are published for clock-hour intervals. These data
were p to obtain i 6. and 24 ive clock--
hour amounts for each month of record. The-time interval selected
did net have 10 star &L & particular hour; for example, the 6-hr
intervel might be from § to 7 am., or f1one 3 0 § pan.; the 24-he
intorval might be from 4 am. on one dey to 4 am. on the
following ‘day, or from 2 paw. on.on¢ day to 2.p.m. on the next.
Second, there is the targs amount of data from noarecording gages.
At these giges, observations are ssually madé once each day at a
given time for cach siation. At ¢bservntion .tira¢, the aniount of
pxccnpualkm that (ell in-the preceding 24-br interval is measnred;
this precipilation may have fzlico during any part or all of the
24-hr-period. These-data are commonly referred to as observar
tion-day nmounls.

A subset of data in the first category is the recording-gage-
data from the long-record first-order Weather Bureau (zow Naw
tioant Weather Service) stations: There are approximately 200

‘such stations in the-entire country (about 50 in the westemn: United:

States). Maxinium values for cach yeie of record ffom these sta-
tions have been tubtlfated for tha various dorations to the neareid:
minate, The maximum G-hr amount recorded .each year is for 2
period of 360 consecutive mimues, regardless of the lime begin-
ning; for example, such a period might begin at 2:03 pim. or at
3:59 p.m. Similurly, data for the 24-hr duration are for a 1,440~
min period. These amounts are ly referred to as r-minut
amounts.
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Figure 1. Relation between 2-vr 1.440-min pr@cipl!ciloi- and
2-yr observation-day precipitation.
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Fixed. versus true-interval procipitation values, The, contina-
ous clock-hour and observation-day data from mos. stations are
available for intervals fixed by arbitrary clock ‘intervals, Beeauso
the time of occurrence of precipitation is 4 random phenomenen,
straddling often oceurs; for example, part of the maximum precipi-
tation may start in one time interval and ‘end in the succeeding
time interval. Seldom does maximum precipitation for a specified
duration cccur within a mandatory measurement interval. For this
reason, it was gecessary to ose refations between fixed-time inter-
vals (of actual accurrence) and the 360- and 1,440-min periods to
make maximum use of availoble data.

These. refations bave been investigated in previous studies
(U.S. Weather Burean 19544, 1956, 1957-60). Tt was found that
on the avernge 1.13 times o statistical value for o particular return
period, based on a series of ansual maximum observalion-day
(fixed-interval) amounts, was equivalent to o statistical value for
the ‘sarme return period obtsised from u scries' of 1,440 mm
{truc-interval) values. The nmo of istical value§ P

‘Data seurces. The primary data sources used were Clinuto.
logical Data for the United States by Sections (National Climatie
Center 1897-1970) and Howriy Precipitation Data (National
Climatic Center 1940-70). In California, it was possible to in-
crease the data sample 15 to 20 percent by using unpublished dala
fram gages ‘maintnined by the State, local agencies, private corpora-
tions, or individuals (Califarnia, L of Water
1900-693. Pudlished data, are routinely of high quality becanse of
pcnodxc checks or observing sites and observation techniques and
the ¢ t used in the publicati process. The
qnnhly 01 u'xpubhshod data must be cbeckcd by a review of the

spection records of the i ining the gage and by
a carcful screening of the data,

Length and period of record. In preparing generatized maps

of precipitation-frequency valucs, a uniform period of record sev-

‘eral tifnes the length. of the return period desired ‘and computed at

a mlnmcly dense netwark of statjons (for sampling all data and

from a serics of six i to those

. Imm & serics of 360-min observauons is 1.02; 2 sn:m!ar ratio of

values P from 24 ock-h
amounts 1o those from [,440 min values is 1.01.

These ratios (for examiple, n-year 1,440-nin precipitation
equals 1,13 times n-ycar observation-day precipitation) are not
built on a calsal refation. They are average index ratios because
the distributions of observation-duy, n-hotr, and.n-minute precipi-
tation -are irrcgular-and unpredictable. For example, theé annual
maxima. of the two series for thie same year do’hof necessacily
-come front the same storm. Graphical somparisoz of the values for
the 2-yr retum period bascd on observation-day and 1,440-min
precipitation data Is shown in figure 1.

Th: ircqucncy nml amount of st saddling that occur can be

J as well ag

The umc am can be represented by a steaight line separated mm
uniform tim¢ infervals by an evenly spaced series of points, These
intexvals can reprisent individual hours, 6- or 24-hr periods, an
obsérvation day, and so forth. The maximum prempn'auon for any
duration ¢in be assumed 1o occur af & uniform rate in a e unit
exactiy squal to one of the fxed intervals, bit without regard fo
the location of the fixid intervals, This time unit may fall' at
random with respest to the fixed intervals and will, i general,
averlap two adjucent intervils, Using probubility thz,ory, Weiss
(1964) confirmed the émpirical values used.

is the ideal. In practical work, compromises
are necessary.

_The use of a nonuniform record pericd, especivlly when tho
period s short, may result in unrealistic refations between stations.
For instance, if dat2 taken during a shost-record period ot one
station were taken during & relatively dry period, while dats from
the neighboring station were taken during a relatively wet period,
the interstaiion relation would not be valid. Because the objective
of this investigation is to definc the geographic variation in moun-
tainous. regions, it is desicable 10 ruinimize other causes 6f varia-
tion. Use of a standard base period woidld minimize the. above
variation. This is' common practico in the prepuration of rmcan
annngl precipitation maps and also can be upplied to the-prepara-
tion of preap:tanon Xreqw:ncy maps ter shorter return periods,

Dx values is usuafly

“based upon the longc;t mcord available, Thcw values are assumed
‘to be rasonably represenialive of the values that would. be ob-

teined if the entire record were known, The Use of » short-record
base period requires testing to ‘determine i the data provide une
binsed results cepresentative of values that would be obtained from
use of a Jong-record base period. For most regions coversd in this
study, the most recént 15-yr period immediately proceding the
petiod when the maps for this Atlas were developed was used to
contpute precipitation values for the 2-yr renurn. period. At foca-
tions with at least 30 years of data, the 2-yr values from the 15'yr
base period were. compared with the 2-yr values computed using
the total record, If the differcnces between the two series were

24-hr duration values for stations in Washington. The same test
was made for the rest of the western states.

In most of Californiz and Nevada, the values computed from
the 15-yr base period data showed significant differences and some
bias to values. bused upon the total record, In this fegion, it was
neeessary to use values based on the fongest record possible tor
each station in prepuration of the 2-yt maps. Stations without data
dating ull or most of the miore recent years were identified on the
working maps.

To.make uso of data from the 'maximum: number of statlons,
dutz from stations with 10 to' 14 yrs of record were. used in
preparing the 2-yr maps, Such stations slso were suitably Identified
on thie working maps so that the analyst could use judgment in his
interpretation of such vatues.

While & 15-yr record provides data several times the length of
the relurn period for 2-yr maps, it provides only a small fraction of
the Jength of the 100-yr retinn pcnmt During a [5-yr pericd,
some stations may amounts equivalent 1o a
return period of 50,7100, or more yun However, the probability
of having o 100-yr valuc in any presclected 15-yr period is only
0.14, Similasly, ibe probability of nor having a true 15-yr return
pericd value in any presclected 15-yr period is about 0.09. Thus,
in'a given 15:yr period, the probability that a station hins received
its trye 100-yr value s not greatly difftrent from the probubility
that its neighboring station has rof experienced its truc 15.yr
valve. While, admittedly, this would be an extrere case, this exam-
ple shows the importance of Using 2s long a record as -possible
when preparing precipitation-frequency faps for long retuco peri-
ods. In this study, records for as long as pessible for each station
{without violating the.100-ft or S-mi criterion) were used to com~
puto tho 100-yr return period vilues. The kength. of record and a
corfidence band to indicate the range of vatues likely to be experi-
enced at cach stution were incladed in-the plotting model. With
this information, the analyst could more cl’ecuvcly cvaluate the
reliabifity of ench data point., X

Published and unpublished data from approximately 3,300
stations were used i this study. Tho number of stations grovped
by length of record und state are shown in-table 1. Many recording
gages were cetablished at sites wheze nonrecording gages had been
Jecated for many }eam ln :abk: 1, the ﬂm colurun for cnch itate

column fox cacb state shows the totat pexiod of record ior ‘which
y dota vnitable for tach of these stations. Tho

total rccord uu:lud\,s both resording and aonrecording dam for.the
g-gage station, (Note: The total nimber of: stations .in

small and rondoinly distribusted, the 15-yr basc period jopted
for all siations. Figure 2 shows the result of such a test for the

columos | and 2 ure cqual) The third column for cach state:
shows the number of stations witlh n_onmcmdmg page data only.
Figure 3 shows the location of the 1,030 recording stations
vied in this study, The. length of record indicated is for the longest
availgble record-and lncludes the period where only a nonrecording
gago_may have been Jocated at the particular siation.. Figure 4
shows the location of the 2,292 nonrccording gages lhnl, together
with ihe recording gages, were used o provide data to define the
24-hir isopluvial pittero. A few additionat stations with records of
fesy thau 10yrs were used to provxde g\xld.-mee foi mnmzung the
ion patiem in regicns whieze. no
onwr daia-were availuble, Mosi of the data were for observation
days. Empirical adjustments were used to convert smuu_cal analy-
ses of these data to the equivalent of 1,440-min data. |

Figure 2. Test of 2-yr 24-hr precipitation values from short-
and long-record stations jor the State of Washingron.
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Table 1, Number of precipitation stations by length and type of record in each Western State

"Years of record’ State Total Parcent
Arizona New Mexico Colorado Utah Wyoming Montana Idaho Washington Oregon Nevada California
RGR TR NR RGR TR NR RGR TR NR RGR TR NR RGR TR NR RGR TR NR RGR TR NR RGR TR NR RGR TR NR RGR TR NR RGR "TR NR RGR TR NR Stns. RGR TR NR Totat
10-14 6 5 38 29 10 33 18 18 28 13 8 20 23 16 31 29 22 78 19 18 10 31 20 19 26 19 33 11 6 10 98 95 209 303 237 509 812 294 230 222 2384
1519 . 9 8 28 8 16 34 14 11 29 2 011 2 1 1 5 '3 19 21 7 4 2 13 3 3 13 6 5 § 37 3B 92 92 85 262 354 ° 89 83 114 106
20-24 .. 23 12 30 34 12 36 52 36 31 18 9 16 31 20 14 59 50 23 3 2 5 15 14 21 15 15 29 6 7 & 47 42 132 303 219 343 646 294 213 150 194
2529 .. 1 15 7 15 3 15 2 7 3 7 2 15 16 10 11 37 26 8 5 36 30 5 5 4 140 114 97 258 208 224 482 250 202 98 145
30-34 .. 1 s 3 15 3 7 1 7 1 8 2 14 2 1 119 3 25 3 3 53 54 59 53 74 173 226 51 72 786 68
35-39 .. 2 10 3 11 0 9 4 4 2 6 2 9 T 4 4 19 4 11 1 3 14 18 43 14 41 129 143 14 40 56 43
4044 6 83 2 16 2 10 1 9 1 B8 1 8 0 10 4 12 0 9 6 2 5 15 70 5 32 207 212 05 31 90 64
4549 0o 1 4 16 0 10 0 6 3 8 1 5 0 15 3 8 1 .4 5 3 a 2 16 o 195 91 91 00 18 40 27
50-54 1.1 5 13 4 12 2 13 2 6 5 11 1 14 4 15 2 10 2 4 0 1 13 0 29 112 112 00 28 49 34
-55-59 1 4 8 14 2 7 1 3 5 8 1 9 4 8 o 9 4 6 [+ ] 3 13 0 29 86 86 00" 28 38 26
60-64 0 1 1 3 0 & 2 4 0 & 4 3 o 6 3 4 1 2 1 2 1 6 13 1 18 59 60 01T 1.7 26 18
65-69 1 1 o 4 1 8 3 4 2 2 6 1 1 3 7 8 3 7 3 2 o 2 19 0 23 59 59 00 22 .28 18 °
70-74 4 6 o 1 3 1 0 8 a1 0 15 29 23 00" 15 13 0.9
75-79 0 0 4 0 c 4 4 00 00 o2 0.1
80-84 1 1 4 1 1 4 5 o1 01 02 0.2
8589 .. [+] ] o "0 (4] 09 00 00 0.0
90-94 o 1 o 1 1 00 00 00O 0.0+
Humber: . . R
Bytype ......| 38 191 7 210 84 178 33 13 56 114 93 195 40 100 87 156 94 180 38 49 396 806 | 1,030 2,292 3322
Total stos ..., 229 281 262 146 170 288 140 243 2724 87 1,202 3
Percent:
By type ...... 37 83 69 9.2 8.2 78 32 45 1 54 5.0 9.0 ‘85 1 39 44 | 84 68 9.1 79 | 37 21 | 384 35
Totai-stns ..., 6.9 8.4 79 44 51 86 42 73 8.2 26 36.1
Nota: RGR = statmns having recordms gage record. - . .
TR = staticns having recording gage for part of the record totat record includes both ding- and ing-goge record.
NR = sfatiens having enly nonrecording-gage record.
Data tabulations, The maximum observed 24-hr (and 1- and Frequency Analysis. serics analysis values, It is based on a sample of about 200 widely r distribution. The {: used was

6-hr for recording gages) pn:upuation amount for each month was
tabulated for cach station. The maximum smount for each year of
record was deterinined from these maxinfym monthly amounts, In
the tabulations, data for some stations were missing or of question-
able reliability for.zll or part of enc or more years, For each such
case, the data were evaluated tadividually to obtuin the maximum
Yeagih of record for the station. For instance, if data for a few
months. were missing, the maximum amoont recorded. for the re-
mainder of the year wis used to dctzrmmb the nu imum yearly
amount if it d her years
and. with the maxima for that year ut. surrouriding stations. This
could zesult ih an underestimation of the accepted zmount, but it is
felt that such crrors are smal) and of little consequeage.

. Every effort was made to keep spurions data to 8 m\mmnm
Reports of unusually large amounts al a station, or of Lnrgc
mounts at one station surroundcd b) stations reporting little or
no i were d to ine whether these large
amounts were rrmooxolegu.allv reasamable, Cool season data wero

0 if ly jarge amounts were depth of
snow tuther than its water equivalent. Howtmr. not all largc
amounts were ined, nor could
made regarding all of the large amouats |h.nvwerc examined. Jt ls
believed that most of 1he spurious data have been corrected.

Two types of series, There are two methods ul:wlnc:ins dota
for anulysis of extreme valucs, The frst method produces the
anoual series. This method selects the largest single event that

" occurred within cach year of record. In the anaual series, year may

be calendar year, water year, or any other consecutive {2-mo
period. The ‘limiting fuctor is that one, and only ene, piece of
datum is accepted for each year. The second-method of. selecting
data produces the partiab-duration series. This method zecogrizes

-that large-amogats are not calendar bound and that more than one

large event may occur -in the time unit used .as & year. In a-

partial-duration serics, the largest N cvents are tised regardlcss of
how wwany ocour in the sam¢ year; the only mlncﬁun is that

3 of individual cvents be maintai ‘The nitmber of
events used is at feast cqunl to the number ‘of years of record:

One requirement in the prnpamuon of :ms Atlas is that the
results he exp in mnn of p: ies. To
avoid the labori g at partial<h duty, the annual
series data were collected and annlyzcd and the resulting statistics
were transformed to partial-dusation staustics.

Conversion factors botween annual and partisl-duration sev
fles. Table 2 gives the empirical factors used to multiply partial-
duration series anafysis valués to obtain the squivaleni annaal

‘ scattered fist-ordér Weather Burean stations. Only about: one-

fourth of these stations are in the wesiern United States. The
factors used in table 2 were taken from Weather Bureau Technical
Paper No. 40. Reciprocals of these factors were used o convert
the statistics of the annual serits to thoso of the partial-duration
series.

These relations’ have also been. investigated by Langhein
{1549) und Chow (1950) with cquivalent results. The quaiity of
tho relation between the meant of the pactial-duration series and
that of the annual series data for 6- and 24-hr durations is shown
in figure S. The means for both series are equivalent to the 2.3-yr
retuen perdod. Tests for samp[ca of from 10 to 50°yrs o rd
length indicate that thé; factors of table 2 are independent™of the

tho Fisher-Tippett Type 1 distribution; the fitting procedore was
that develaped by Gumbel (1958). This distribution and fitting
procedure were used by the Nutional Wedther Service in previcus
studies’ of short-duration precipitation values (U.S. Weather Bu-
rean 1933, 1934a, 1954b, 1955a, 1955b; 1956, 1957-60, -2nd
1961). ‘Studies by Hershfield and Kobler (1960) and Hershficld
(1962) have” demansieaied Lhc upplx"ab)my of this distribution to

The ion was fitted by the method
of moments, The 2-yr valuc measures the first moment, the central
tendency of the distribution. The relation of the 2-vr to the 100-yr
value Is 3 measure of the second mément, the dispersion of the
d:!tnbuncm The 2-yr und 100-yr precipitation can.be used for

record length.

Return period Conversion factor

2.1 0.88
Syr 0.96
10:yr 0.99

ing values for other return periods,

The xemrn-pcnod ageam, figure 6, takeo from Weather Bu-
reau Technical Paper-No. 40, .is based on data trom National
Weather Service' stations having long records. The spacing of the
vertical lines on the diagram is panly empirical and panly theoréti-
cal. From 1- t 10-yr retumn periods, it is entirely empirical, based
on frechand curves deawn. through plottings of partialduration
scries -data, For 20-yr and longer retorn periods, refiance was
pinced on the Gumbef procedure for fitting annual series data to
the Fisher-Tippett Type I distribution. The transition was
smoothed subjectively béiween the 10- and 20-yr retura perlods, If

Table 2. Empirical fectors for converting parlinféd:irbrlzm

sertes to annuaf series




pr;upmxtion values for return periods between 2 and 100 yrs.are
desired, it is neccssnxy to obmm ﬂwe 2 and 100-yr vahues from this

scries of G maps, These values
wre-then plotted on lhe priate verticals and with'a
straight fine, The pitati values for the i iaie return

periods are determined by reading values where the steaight tine
intersects (he uppruprmc verticals. 1f the rainfali values ars then
converted to the anmunl series by applying the factors of table 2
and plotied on cither Guinbel or fog-normal graph paper, the
points will very ncarly approximate a straight line,

Isopluvial Maps

Methodolagy. The. factors considered to determine. the se-
quence of prep.xmtion of the basic Isophevial maps for this series of
{ y maps were (1) availability of
daty, {2) (ehahm(y of csummcx for the retuen petiod, and (3)
range of durations.and return periods. Because of the large amount
of data for the 24-hr durntion and the relatively small standard
error associated with the 2-yr values, n map showing such data was
sclécted. for preparation as the basic map for this series. The
second map was prepared for the 24-he duration and 100 yrs,
the longest return period of interest. Next, the 2-yr 6-hr -and
the 100-yr 6-he precipitation maps wers prepared. These foue
. key maps envelop the range of durations and retusn pencds re-
quircd and provide the data 1o be used for obtaining values tor
four m(crmcdnau return perind maps at cach duration.
ot relati for & fre
¢ quency vatoes. The adequacy of the basic data nclwork for deter-
mining precipitation- frequency valuos varies from place to place
within the western Uvited ‘States. The greaiest station density
occurs along the Pucific coast west of tht Cascade and Sierra
Nevada Ranges ‘(figs. 3 nad 4): The lowest densities arc in the
intermountain plateau—botwern the Cascade-Sicrrs Nevada ranges
and the Contirental Divide—pacticularly in Nevadi and a the
Salmon Rivér Mountains of 1daho, Even withiiy pdrtlcular mglons
the siations are not ‘evenly : dmnbu‘ed " Mdst of the $tations are
located in the coastal plains, ihe' fivet-valleys, the western portion
of the Gréat Piins; and the lower fodthifls of the ‘mountains,
Relatively few stations nxe located on s(ccp slopzs or on Crésts of
modn{ains, in sparsely pepulated. arc.xs or int areas wh:re access is

diflicalt,

Iiis { irab] '_ v.odevclop lations: that can be used
in i ing procipitaii “values betwees stations in
regions whcrc dum dre rc!uuvcly ﬁcarce A preferred method is to
relate vari inp directly to variat ‘In

topographic tuwrs this'js. ([m)c w’xm an’adequate ‘relation can.be
develaped. The primary advantage of this procedure is that topo.
graphic. faciors can be dc(ormmed at 7 'my pmm ln 8 region. Topo-
graphic maps can be prep froms agnal p griphs-or surveys,
or by other mietliods tht do ot Tequire’ abservnanl takesn-at a
ﬂxed pomt over a pcnud of tmu Among topographic factors

idered are: (1) ion of the staticn, cithét the
ucmn( elovation- or some- effcetive elevation (an averdge elévation
deterinined along a circle of a_given radivs around the- station);
{2) slope of the terrain ncar the'station, both in the smiall and
large scales; (3} distances ‘from both major and minor bartders;
(%) Cistances: and direotions from -moisturs Sources; and (5)
roughness of the zmam in the vicinity of te station.
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Figure 3. Gecgraphic distribution of stations with recording
sages. Symbois indicate total length of record available,




It has not been poisible to deselop such relations for alt
tegions. Hence, it nlso was necessary to develop ‘relations that
included climatological or metecrologicat factars. The rucr.ors se-
lected for use must be available a1 i where 4
dota for durations of between | and 24 'hry nee not avaitable,
Otherwise, they weukd not provide addidonal information needed
for wse in nterpoluting beiwzen locations with [requency valucs,
An exemple of such a fuctor is normal ansual precipitation. Jo the
construction of such 2 map. data from suow courses, adjusted short
records, and sworage gages that give woekly, seasonal, or annual
secomofations of precipitation can be used. Such records do- tou
yield the short-doration precipitation amounts nocessary for this
stody. Thus, norasal unnual precipitation data, particalarly becanse
it provides greater areul coverage in mountainous regions, might be
of definite use in doveloping the patterns of the precipitation-fre-
GUETICY aps.

Several othcr weworologic fectors can be used in combination
wxrh _sormal annual precipitati dal:l and pographic fzctors to

P short-durati 1 . values at intez.
mediate points. Exumplch of sucn Fait on are: (1) mumber of
thrunderstorm days, (2)-number of days or howes with precipitation
above a threshold value, (3) p b it of various -
wind dicections. and speeds, nnd {4) puc:mnxc tmpm‘um af
cluss intervals of relative humidity. Siice these fuctors can be
obtained only where' there are record g mcleomlogm'\l £ages or
where there ars observers (o reord the da.n they do not suppls-
méat the available shor-duratic quiacy valnes by
providing data a1 additionat sites.

It would have been desisuble fo drvclop & single eqoation,
utifizing phyuogn.phlc factors, to interpolate between locutions
with shozt-chration precipitation-frequency valnes foc the western
. Such an equation could not be developed, so rela-
mterpoliting the precipitation-frequency values were de-

veloped for each of several smallex regions comsidered to be metco-
rolegically homagencous, “The extent of each region was deter-
mined from considerution. &f the weather situations that coald be
-expected to produce l\xr;,c presipication amounts. Among the gues-
&ons asked and answered weie: Whet is the source and from what
direstion.does moistare for major siorms come and ure there major
orographic burriers thar jauence the precipitation process? Figure
7 shows some of the principal puiks of moistore inflow for the
western United States and the mujur urogemphic h.umn o such
inflow.

The regions selected for theic homogeneity normafiy are xiver
baging or combinations of river basins. The river basins selected
were usually bounded by major orogriphic barriens thut signifi-
cantly influence the precipitation ncg,me. The size o! thcsc mgx:mx
varied, partly because of gray
tions and partly because. of the :n..xla)dxty of dats; Sonie yegions
incladed more variability in wpographic and mezeomlogjs factors
than was ideal, Bfforts mads to redute the size of the xegions were

- notsuccessful bécause sample sizey deexzased 10 less than accepta-
ble Ensits,

After the geographic regions were selected, various topo-
graphic Tactors that could cause variation ol precipitation-fro-
quency values wu)uu limited regiong su:,h m 5lme, elevation,

haess, and ion were d. Individ <ipir
uon—!nq.x. Ry valuies and exposures around the s!.monx \w:rc ex-
amined 1o guin insight o topugraphic factors that could be ime

/ LeE
$10-14 YEARS
ﬁl!) 29 VEIHS
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I*SU YEARS OR MORE

Figero 4. Geograplic dissnbution of stations. with nonn‘cordmg
gages. Symhols indicate total lengrh of record avail
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Flgure 5. Relation baiween annucl and partial-duration series.

Figute 7, Principal paths of moisture-infiow in the western
United States for storms producing large precipitation
amounts. Toned arcas are major orographic barriers.

Refurns Paried in Years, Pastial-Duration Series
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- portant. hex., an cx:s'n?nauon was made of factors that conbined
& i and B ions, such as distance and
.~ £ direction to moisture sources. Ench facior considered was a meas-
& I ] ur¢ of some physical reality, and cach was understandably zclated
I 3 to variation in the precipitation-frequency 1egime,
& Finally, verious cimatological and mexcorolugxcal factors that
3 E could be indexes of varlation of the precipi values
) k E were considered, The proccdute x.scd for d:velopmg mtcrpolmng
- k. ions was a niultipl This proc-
& b p ess was done by p osing & | hni The
- r K computer pogram was capable of accupung 2 (o’nl of 174 nde-
L) - R pendent variables. for ns many jocations as duta ‘were available,
N . The number of variables screcned for the various refations ranged
~ - 4 between 60 and 100. This doss not mean that 60 or move com-
F R pletely different factore- could be identified. For example, several
- R factoes might involve differént mensurcs of slope. Morcover, these
I i of slope might be aver, different distances or have differ-
o . E ent oritntations. In cach insiance, the practice was to permit the
R computer to select tha most critical of the various measures of each
factor.
& 4 — 1 Although the computer program tréated cach varinble as lin-
£ " & car during the regression analysis, it was possible through nternal
& _ B computations to use logarithms, powers, roots, reciprocals, or com-
g " L binations of any or all of the focwirs. The compueér progrant
8 sclcctcd the single variable most hlgh}y .:om.lmnd with the precipi-
£ E A £ value under i The gext step was to
2 s sclect the variable that, combined with the variable already se-
g ° . fected, would explain the greatest variation in the precipitation-fre-
£ 2l 8! 10 25 50! 100

quency valucs, The third, fourth, fifth, and forther variables were
selected in a similar manner, The program comtioued to select

Mearn of Standard
Comr. Mo. of computed error of
Region of applicahility® conft. stations stn. values esfimal
) GUnehes} Gnenes}
Gita, Witllams, and lowor Colorado RIver Btins (1) +......eeverveneresnnsoessoensneeions 08¢ 8 186 021
Littte Coloratlo, San Juan, and Virgin R_iver Basing, except higher pievations of sauth-facing sfopes (2%, . 081 105 1.36 020
Higher elevations of south-facing siopes of Lilite Cotarado, San Jusn, and Virgin River Basing (212 , 093 41 131 013
Rio Grande Basin norih of £F Paso, Tex. (3} ., eean 077 116 1.33 c.18
Crest of Continental Divide and Sangre de Criste Mountains o gam'mhnd 7000t conlour from .
southern Wyoming 1o southern tip of Sangre de Crisio Mouataing (4) . PO e 0.83 122 143 022
Upper Ceforado and Gunalsan River Basing and Green River Basin below corfuance of
Green and Yampa Rivers (3} 0 ..ovoevne i P P R 0.79 €9 112 e13
Yampa River Basin, Grean River Basin above conlluence of- Grean and Yarpa Rivers. 3ad Bcar River
Basin cast of Wasatcr Mountains (6} . 0.83 29 1.0 ocs
Mourtains of central Utah (7} ... . 085 B& 1.3% o018
Westorr: thah and Nevada, except Srake and V:!gm River Bzsins 3ad spiliover 20n¢ easi ol ,
Sierra Nevada Creat (81 ... ool o7 kil 103 013
Westare Utah and Nevada, except Snaks'and Virgin River Basing and &
Sitrra Nevada ciest (8 ........... B P TN (TP PR Q71 35 104 018
Big Horn Rivr Basi atovs Sain Kovir a0t ortiens of Nosh Pt Powder, Tngus, .
and Yellowslone River Basias (9) | IS TOPITIIN I 278 63 125 021
Upper Kissouri River Bagin-abowve: Holter Damy, Mont; Snake River Bastn above Alping, Wy, :
and upper Yaliowstone River Basin above Sprinpdale, Mont. (10} ..., ..., 0.76 5 119 0.16
From ganeralized 4,000t conour on east to Srests of C(uy and Linie Buit Mountulns
and tewis Range on wost {11) . 0.80 52 167 026
West of Continerital Divice, but eust of Bittoroct Range and Cabinet and Selkirk Muuntaias (32} .. .. .. 0.8% 44 13 0.12
reg:cn of eastern 25 Oregon and of [daho west of Bittersei Range crest
and Continenta Divide, and actth of southern doundary of Snaie River Basin.. ~excludlng Snake
Rivor Vailey below 8 generalizod 5,000+t contour (13} ... P N 0.78. 147 144 c24
reglon nast of crest of Cascave Range and west of Snake River Basin (14} 5. ... .ol .90 15 178 .35
Wesiern slopss of Coast Ranges, Olympic Mountains, ang Cascadte Range (15) 087 125 369 048
£e) River Easing southern portion of Klamlh River Basin; and Cottonweoa, Kider, Thomas, .
and Gladsiore Creeks (16) .., ... . 081 3% 439 050
Russiza Rivar, Cache and Putah Creeks, and coastat drainnges west of Russian River t17) . ..., 0.84 63 531 078
Santa Cruz Mountains end La Penza. Santa Lucia, ans Coast Ranges (18} . ....coviviinniioniie 0.95, 55 432 045
Dighto, Gabilan, and Temblor Ranges {19) .. o~ . 082 68 221 035
San Rsfact, San Bernarding, Santa Monica, 2rd S2n Gabriel MoUmaine {20} .. .. vevesersnnsinns 088 149 338 e5?
Santa Ana, Santa Rusa, Coyoto, snd other extrame seuthars constat mobatding {21} .. ...i.ovunnnns 0.88 ELY 244 633
Northorn Sierra Nevadz north of Mokslumne: River Besia {22} . . B 0.92 84 4.56° 0.53
Southers: Slerra Nevoda south ot Consumnes: Rivar Basin (23) ... .. S PN PRUN oge 61 343 058
Souinesstern desert reglon.of Californla (24) s ... .. ..o i it i 0.69 41 107 0.16
Spillover zono east of Sicrea Navada crest 125} ..., . [ETOT 0.94 41 205 027
Spiliover zone anst of crast of coastal meuntaing of southern Calitornia (26) . ,....... .o 097 i0 208 015

* Numbers ia paranthisos refer £ grographic segions. -‘mn in figure 8.
* Two different equations wers usext In region 2, See taxt for uxpumnun.
! Two difterent equations were vitd in 132ion 8, See uxi {far explanation.

Figure 8. Precipitation depth versus return period for
partlal-duration series.

Tahle 3. Staiistical parameters for relations wsed Jor .
Inrersration !nlerpnlaln‘on of 2ewr. 24-Jir precipitation values.
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variables until the variance explained by an sdditiona) variable was
less. thun some preselected amount or natit a fixed number of
variables was selected. Fiaal equations did not contain more than
five independent varabies.

In the devclopmen: of these cquations, data from all stations
with daily or hourly observations were considered. The data sam-
ple used was not completely adequate. First, & did not include for
each factor the full runge of values that occur within the region,
Application of the equation, therefore, required’ unavoidable ex~
trapofation, Second, the number of dats poiats used to develop
these equations was ionally Jess than desirabl hek
the. equations provided the best available method of developing

fimi i of frequency vahues in regions lacking ade-

¥
quate dala.

Relations for interpoluting hetween 24-hr precipitadon-tre-
guency data points. Figure 8 shows. generalized boundaries of the
regions uséd 10 develop relations for interpolation between loca-
tioas, with 2-yr 24-hr precipitatinn values: opographic maps show
recagnizable topographic barriers ¢hosen as the boundary lines of
most regions, For cxample, (he boundary separating regions 3 and
4 from those io the west is the Continéiital Divide. The dbodndary
separating region 13 from 14 is the crest of 21w Coscade Range. A
few of the boundaries berween adjoining regions may appear some-
what arbitrary, but ination of detailed topogriphic mups will'
show 2 physical basistor each. :

In areas where wopographic variation s gradual and where
there are no-large differences in elevations or- slopes over short
distances, precipitation-frequency vilues at a étaricn wsually are
representative of a much Jarger. azea tan sre such vahies in a
mourtainous regien. Within the westérn Unjied States, same rather
extensive regions el this criteria, Within these regions, there wers
also numicrous stitions with: suitable recomls. The lack - of . topo-
graphic controls means only there is. limited vadation in precipita-
tion-lréquency ‘valucs, aad this variation i such thut it can be
depicted using the numerous station data points. No equations for
interpolating between stations were developed for sush regions
{shown shaded in fig. 8). . . .

The equatious developed for interpolating bétween locations
with.2-yr 24-hr precipitation values in regions of sparse data were
nat all equally reliable. On the average, the 28 equations devefoped
for estimating the 2-yr 24-hr precipitation vrloes at i diz
points In western United States explnined about 70 peroest of the
variance, The siandard error of estimate averaged about 13 percent
of the average station value for 2~y 24-hr presipitation, The corre-:
lation coefficient, the number of staiions used, the avernge 2-yi
precipitation. value, and the wandard errer of cstimate Jor cach
equation used 10 estimate 2-yr 24-hr precipitation vafues ure showa
in table 3. .

The equation’ that cxplained the least variarice, ooly slightly
over.ane-hall, was for western Utah and most of Nevada (region
B, fig. 8). This.is 1 region with diverse topography and o well-de-
fined orographic bhrrier. Itis aiso 4 region where a wide variety of
storms produce large precipitution amounts. The equation devel-
oped for the coustal mountzing of California {regiod 18, fig. 8)
explaiied the preatust portion of the variance, about 90 percent,
The region consists primurily of mountain runges oriented northe
northwest to south-southenst; within this region; large precipitation
amounts gencrally resuli fromi voe storm type. -

Figure B. Regions used te develop statisticad purameiers for
Linterstation inferpolution of 2-yr 24-h precipitation values.
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Table 4, Factors niost useful in jelations for intersiatfon
inserpolation for 2-yr 24-hr preciplusion values

. Percent
: of totsl
Factars  * Number Peércent Number number
{by category) of equa- of of timas  of times

tions equations each éach
using using fastor factor
factor factar used used

Slope ) 18 64 .37 42
Normal annual

precipitation 15 54 15 17
Barrier to airflow 10 36 11 12
Elevation 10 36 10 1
Distance to moisture 9 32 °
Location (tatitude

or fongitude) 4 14 5 )

Roughness 2 7 2 2

Two equations’ were developed. for region 8 (fig. 8), which
includes western Utah aod Nevada except for the Snake and Vitgin
River Basins and u-spillover one east of the S(arn Nevada, The

“two relations had nearly cqual elati ficicnts.and scandard
-exxor of esti The firsi equntion was loped using normal
annual prccnplmlon, the sceond lopogr.xphxc Tactors oily. The
cquation using normal annwal i daty was devél

during prcpardncn of maps for U'.vh becausz rv-lmbh. ncma] :m-
nual precipitation maps were.
and a relation that gave about equaily reliable results was obtained

proved 1o be the most sygmﬁ:nnl facter. A less dirsct measure was
used in north-central Wyoming and south-ccotral Montana, where

the preatest change in efevation betwoen the staijon and (be Jowest .

point within 20 miles was used and the distance between tho
station and such a-point was not involved, In several portions of
California, a mors complicated method was used. A path 5 miles
wide was oriented ulong the prevailing dixection of moist airflow,
At 1-mi tntervals along this path, the averago height waé measured.
The difference in height between ad;mmug lnes indicated whether
there was nn upsjope or & downsiope in. this particular segment.
The summation of the upslopes and downslopss, scparately, was an
indirctt measurcruent of slope. A combination of these upstopes
and downslopes, each divided by the distaice between the slation
and the center of the area included butween two adjotaidg lines,
was u direct measprement of stope.

The second most-insportaat topographic fustor was found o
be the barrier 1 moist. dirflow; this factor is actually a combination
of wheteoiology and wopography. Tn sele ctmg a bam..r, the . first
consideration was-the direstion of moist nir inflow, The barrior had
to bé normal, or. ncacly normal, to. this difection.. The bartiée
range, or tanges, had to be sufficientty massive o couso a signifi-
cant disruptior; in the airflow. Batricrs of limited lsteral extent that
woukd perinit air to flow around as casily as over wore ot consid-
ered. A generatized crest liné was drawn along the significant
barrier, and moasarements of barricr heighit or distances or dirce-
tions to this barrier wers then made from the siation to this generul-
ized cresiline. The orientation of barricrs to moist sirflow” wes
dmcrmmed ns n{'pronrh’c for each region. For example, aloag the
Pw“w coast, & westerly direction of toist aitfow was wsed; i
Colarado and New - Mexico, a smu]wa.smxl*, sitflow was aypropw
ate. The di selected was d ined from an of
the moist air inflow fn storms that Produce large preciphation
amoumts’ it thest regions, In some regions, the distance behind the
baericr. was irtporiant. In othess, (he height of the barrier. praved
to be more significant,

The dxst:mca to the pnndpal mmsm*c source, 2 combination

during the development of the maps for Nevada. Valuzs computed
using both equations . for points near the Nevada-ttah barder
showed results thia did not differ greatly, The second equation was
then used to preparc the maps for Nevada,

Table 4 shows the factors, grouped in generul categorivs,
found most useful in depicting variations jo the 2-yr 24-Iir precipi-
tation values for the western United States. The-first and sécoud
columns show the number and percent of equations in which cach
factor was used, The total lor the second column is larger thas 100
percent because several foctors were used in the equations devel-
oped for cach region. The third colimn shows' the total number of
times euch factor was nsed, and the fourth what percentage each
factor used was of the tofal number of factors, For exampla, of the
89 different factors used in the 28 equations, 37 were some meas-
ure of slope; the use ‘of the siope factor represents 42 percent of
the total aumber of faciors used.

The single most important factor considered was slope.
topographic factor, Measurement of slope varied from -region to
region. In some regions. slope was measured directly by dividing
the difference in height between two points by the distance berween

“between ¢l and 7

of and was another important
fucusr In nonhe..stem New Mmco, central Colorado, und southe
casters Wyoming (region 4, fig. 8), exnmination of a topographic
map and consideration of the, moist aic inflow in stormg that pro-
duced large precipiiation nmounts (g, 7), made it evideat that the
generil moist altfow was from the Gult of Mexico, Distance to
moisturo was th d in that dizecti
Another topegraphic factor used iy was the
of the station, cither the sciual slation clevation or,. preferably,
whoere narrow valleys and ridges predomingie in the area the aver-
age clevation around the station at some distance (sffective eleva-
tion), Elevation slone usually correlated rather poorly with precip-
ilaﬂw-myqneuc) vahies., ln many regions, the simple correlation
y valocs was ot sta-
tistically significant at zither i 0.01 or D.05 level. Tt was not
ion alone but'a binatlon of elevation with other fuctors,
such as slope, height of intervening barriers, and distance to mois-
ture source, that was significant.
Normal arnusal precipitation was used in many of thede tadex
relauom However, the palicy adopied was that normal donusl

- the points. In the Cuscade and Cuust Ronges -of hi and,
" Oregon, the difference between the stution clevation agd the aver-
age clevation at a distance of 20 miles in the western quadrant. |

on was pot used if an cqunlly reliable relation could be
dcnvcd sclcly on' the dasis- of. topographic factors, éven tlmugh
normals could kave been used in .almost. every region.. The one

‘wos { for by the

exception was the southeastecs desest regions of California, where
norinal annual precipitation did not correfate well with procipita-
tlon-frequeady valucs: Nomal annuat precipitation maps are most
exact at polats where dita fixe available. Tsopleths sed to ctive at
estimates in arens where data are not avaiiable are only as. accurate
us the stundord erzor of cstimate of the xelation vsed .in the inter-
polation and as the skill of the amalyst will permit. Thercfore,
where cstimaies of normat annual precipitation (or other climato-
logicu! fuctorsd are wsed to develop precipitation-frequency maps,
the errer incorporated in development of the normal: aundal pre
cipitation map 3 combioed with the standard error of estimate of
the relation fer precipitation-frequency meps. Normal annoal pre-
cipitation maps were, however, helpful and were used. Storage-

gags and st dita, fow data, and vegetation maps .

are useful for drzwiug aceurate normal annual or seasonal pn:clp1~
tntion maps io regions where. Jack -of shoxt-durati

M‘Ounwd for about 60 perceat of the varimuce: During subsequenx
pations, a euperior rehtion was devcloped when frequency
or Nevada were pmptm,d The newly developed equation
secoizated for about 80 perceint of the varianes,
Table 6 shows the factors found most useful for interpolating
variations in the 100-yr 24} precipitation valucs in sy
azeas of the westers United States, This table is in lh,: saine format
us tablke 4. The- it of (e variabl pe, - distance to
meisture, elevation, ote,—are the same as those” fm tble 4. Agaio,
slopc is the most imporant mmgraphxc factor. Th next most
phic factor wes in the i the
2.1 24-he pn:clpxmuon values wére used in A.xwrpu!aum i
iable 6, it can be'seen thit the 2-yr 24-hr precipitation value was
the most impartant vadnble. Huwever, this may be misleading
because about one-fourth or the regions for which uﬁ;uuuors were

data desreases (e rellability of relations between nequency “velues

<and topographic factérs. Norniat aneual precipitation was used as

a factar where topogruphic- factors could not be ificd to esti-

nuaté the prcc;psm!mvfrequuncv ‘ulucs with sulficicat uccurucy.

developed were id phic. In such regions; the use
of the 24yt 24-Ir presipitetion value in tn cqontion was. similar to
using an average i00- (o 2-yr ratio, Frequeatly, these equutions
included a Yocetion Tactor that reficeted the variation of such a
retio dver the region. As with other nctoomlogx.ul or climutalogic

Table S shows the of the i
cquations used 10 estimate the. 100-yr 24-hr precxptmnon values.
The cquations were developed for the samo reglons us those for the

2-yx rewum peried, with one exception (g 9). This was in A
20nn where, dato from the Gila, Williams, aod Jower - Colorado
Basins were combined with data from the San Juan, Liwle Colo-
rado, ard Virgin River Basins. o reglons refatively unaffected by

quiiti vers developed tha related the 2-yr 24-hr
precxpnatwu vnlucs 0 lhmc for the 100-yr return period. These
werg loped a6 un additionsd aid for Interpolating
ions In these regions because of the relavively. few
long records availabie. Although the lcngcst recond.
stations wore genseally -within the o phic- regions, most
staies had ess than 20 percent of. the stations within these regions
with 50 or more years of record. Equasicns fof these regions
‘provided an objective method of providi aged ratios
between 100-yr 24-be precipitation v..hm md 2-y* 24-br precipi-
-taiion values,

As with tho relations for estimating the values for the 2-yr
.retnrm peritd, the! equations. did not all have the ‘same degree of
reliabitity, The orographic region fur which the equation accounted
for the keast variance (riot qulte ope-half of ‘the variation) was the
segion jocleding the Yampa River Basin, the Greén River Basin
above the confluence of the Green and Yampa Rivers, and the
Bear River Busin cast of the Wasatch Mountains (vegion 5, fig. 9).
For severnl regions in California, over 90 percent of the variance
; i The equation developed for
the San Ratacl, San Bernardiso, Santa Mooica, and San Gabricl
Mountains {region 20, fig. 9) accounted for the greatest amount of
the variation, On the average, the 35 cqoations developed to inter-
polate the 100-yr 24-br precipitation valugs in this portion of the
United States atcounted for about 75 perzent of the variance, and
the standard error of estimate averaged sbout 12 percent of ‘the
average station value.

Thers was one region (region 7, ﬂg. 9) t‘or which two equne
tions were developed. In the prep q maps for
Utah, basias that were wholly or partly wﬂh.n ‘Utah. were Investi-
gated. One roglon extended westward from Utah to include most of
Neveda. Within this. region, a relation was developed that

eal facl for examplé, normel annual p«\:clp:.man—u would
have been preferable to avaid the use of precipitation-frequency
valugs in the cqumious' However, this was ot always possible.
Relatlons: for estimating the 6-br precipitation-trequency
vnlm. Data tron bmh ling a-xd ding gages can be
d ja for
vaim.a for the A—hr duration. For dumuons of less than 24 hes,
only data from recording guges can be wsed. This ‘frequently re~
duces: the numbie of data points within o padicalar reglon by
one~haif or more. The. effect of topogiaphy on precipitation-fre-
quengy-values decreases as k tion decrenses. Thus, thete i
Iess variabifity in’ the prech ~fmquency volues for the §-hr
duration. For ‘these reasons, larger regions nre used to develop
‘interpolation equations for 6-lir ‘duration maps. Figere 10 shows
the regions wsed to develop the equations for cstimating 2-yr 6-he

precipitation wluu The regions uscd ’or dwclcpng rchuorm for

the 100-
region south u( the S_nm‘c, Rear, h‘m;n. and North Platte River
Basing isegion .1, fig. 10, This region was dividéd spproxiimatély
along the Arizoda-Utsh and the New Mexico-Colorado boundary
fines into Regions 1A and 18,

The equation fox the rosthera Sierra Nevada region of Calie
fomfa (region 7, Bg. 10) accounted for the feast mmoun? of varin-
tion~-shout 60 percent—in the 2wyr é-br precipltution values
@able 7). The cquatu)n for the coastal mountains of Califorsia
(region 6, lig. 10) uccounted for over 90 percent of the variation
and was the most reliable equation developed. On the averags, the
equations accounted for over 8O percenit of ihe variations and had
u standard crror of estimate of about 11 percent of the average
2-vx 6-hr precipitation values. X

For the 100-yr 6-hr precipitation values; the equation: for the
coastal mountaing of Culiforaia ('cgncm 6, fig. 10) ac¢countsd for
the greatest amount of variation in these values (table'8), Tn this
region, dver 90 percent of the variation in tho daia sample wes
accounted for. The equation for the northemn Great Basin (reglon
3, fig. 'I0) accounted for the least viriation. Yu thig region, the
equation accounied for about 60 percent of the vatiation, Oa the
avsrage, the cquations accounted for over 80 pereent of the varie-
tior with & siandard erior of estimate of about 14 pereent of the




Table 8. Factors most wscful In relations. for interstation
interpolation for 160-yr 24-kr precipitation values

Hiean of Standard
Gerr, N of computed #tior of
Region of appliczhility coetf, statione -sin, values estimate
(inehis) {inches)
Gila, Widlisms, San Juar, Litite Colorado, and Virgin River Busiea. (1) .. ooopuin i il e 0.80 144 3.88 .8
Rin Granda Basin nonth of £ Paso, Tex. (2) | PR crere 078 i a.26 DAS
t e and Sengre dé Coi suntsing 1 genersiized 7,000t contour from
onthern Wyoming 1o southern tip ot Sangrc da cvimc Mounring BY L.l e 091 &9 328
Upptr Coloradd aniet Guanisan River Basing and.Gesen River Basin kafow confluencs of
Groen-ard Yampa Rivers (4} . 0.78 8 257 031
enstof wasa!m mm:a PRI 068 27 241 Q.30
Hountains of centrat Ut . c8s 65 204 0.2%
Western Utah ant! Nauatta, endept Snakn end Virgin River Basins and .
Sterra Novada crest' {75 o677 64 280 0.29,
Weatern Ulah zat! Novada, v:uml Snaka and Virgt
Sierra Nevaca crest (7). PR 93 5 242 .22
4 Hasin a.x:.'a Sa’ Xavier ang minct puv'lem cf Narih Plarte. Powger, u:naue,
e 0.04 7 3. 231
nm«ﬂ Rvm B:‘ in slove ”G ker de, Mom Snukt River Basin IM Alpmc‘ Wyo;
038 48 268 ©.34
From gww'sl izett 8,000t coniout 0 U £2st to Crests of Cmy £nd Little Bakt Mountaing - "
2nd Lewix Range on the west { . . ey 2.85 4 n 0.4
West of Corlinentat Divide, nut past of Bittaraot Rangs and Cabinot and Selhirk Mountaing {11} .90 37 287 a2
Mantainous Teglon of ssten Washington ana Orogon and of fdaho west of rous Range Crast
and Contineatal Divide, and north 6f southern daundary ¢! Snake River Buair. S
River, Vatiey balow miized 5,000 comeur (42} .., e 28?7 69 27 a3z
Oregraphic region aast of srest of Cascade Rargis und wam of $aaka River Basin (13} ... . . 92 115 876 .51
Western slopes of Coast Ranges, Olymple Mourstaing. a0 Castode Raegs (181 .. ..o i 0.60 119 7.09 113
Spillover 1ore east of crest of Sierra Navada (08) ., .., . ... . 281 28 536 0.7
Eal River Busin; sowshern perdion uf Kisminh River anin, and Cunumuood der, nmms,
tind Gladstane Creexs (167 e - . 0.85 2% 834 142
Russian River, Cache anc Pulah Creoks, and coast) ¢ vahazn east of Russian R»\'u (17 cRs 35 3047 124
Seatd Cruz Matinteins and La Panza, Sants Lucts, and Coast Ruagea (08) ... .. .. ... . 056 26 10.80 125
Ciabln, Gavitan, and T . -G97 29 8.26 048
San Rafzel, San Berarding, Sam Monics, and Sun’ Gu‘nm( Meuitsing '20) €98 68 12 0.97
Santa Ana. Bant Rota, Coyote. aadd other extrama Southarn oasthi mountaing (21} 047 bl 674 1.06
Nosthern Siarr Nevata aoedl: of Mokeiumae River Basin {22} ... ..., L PN 096 £5 9.74- 161
Sotrhevn Sieria Nevade south of Consurtinss River Basin’ (23) ‘nge a2 814 129
Southeastern iesert re; of California (24} .. €33 41 337 047
ver zore cas: of srest of coasle! muuntalns of scutnern Califomis (25; cS8 10 820 053
Now Mexico ¢ £ 510 Grande (?6) 0.66 136 528 088
Colorade vast uf genaralized 7.000-% cortour, and ¥l
cantour 2nd seuth of North Fiatte River Basin (27).. EERTIIR 082 119 473 652
Cautern Wyoming and Montana esst of 6
of generdiizatt 4,000-1 contaur ju visinity of Wynming-Montaris boum m) 0.83 66 408 045
Montana cast und norl of generatiaed 4,800-%t sontodr (29) . . 1573 a3 386 042
Srake River \rsﬂw baiaw 5 000 ) I .. 0.85 a8 226 a.21
0.94 146 547 062
Nuncmmmluc region east of crast of Caacads Rznae 1 o.n 50 207 0.25
Sacramento:and Sax Jvaquin River Valieys of Califoraia below 5,000 €433 . ..... . ..ou . ven 094 102 407 .51
Coastal lowlanits of Catiformin {347 ... ... oL s L PPN [i2:74 18C 668 103

Wr'zluc :egmns shown in ligura 9.
o text for explaration.

average 100-yr 6k precipitation values.

The [2ctors used most {téquently ia the equations Tor estimat-
Jing the 2-yr 6-hr prec nuurm values.are listed in table ; those for
“the 100-yr G-hr precipitation values -ure given in {able '10. The
format and definitions of variables of tbles 8 and 10 are the same
as those of table 4, For the 2.yr ratuen piriod, the factor used most
frequently was a measucement of slops, Most equations, how:vcr

reffed vatiations in fhe G-hy fon values ta vuti in
the 24-r vafues, For the 1004 yr retiten pesiod, slope aad elevation
were cqually important topographic factors. As with the 100-yr
26-5r and 2-yr. 6-hr maps, prcupuauon -frequency valucs were
ased ir: the equations for some regivos,

Typicdd multiple linear regression equations. 1t 'is beyond the
scape of this, publication. to present all tho equations, used for
sstimeting precipitation-frequency valuos for this Atlus. However,
it is usefuf te discass in sone detail two equations nsed to estimate
the 2-y1 24-hr precipitation values. The facters used and the
accuriey of the results obwmined are typical of other equations
developed,

The fisst of these is the oquation for the northern Coasial
Maumahﬁ of Califoxnia (region 16, fig. 8). This region includes

the Eel River Basin, some. southern portions of the Klamath River

Bosin, and the western porticn of the Sacrumento’ River Basn.
‘This equation is

30174 LBI4(X,) 4 0016(Xy) — 0.049¢X), (1)

where Y is the 2-yr 24-hr precipitation vilue in im:hm‘.and X,

Percent
of total
Factors Number Porcent Number nnmber
{(by category) of egua- of of times of times
tions eguations each sach
using using factor factor
factor  factor used used
2+yr 24-hr
precipitalion 27 77 27 29
Slope 26 747 26 28
Elevation 20 57 20 22
Distance to moisture” 6 17 [ 7
Lecation (fatitude
. or fongitude) 5 14 6 7
Normal ennual
precipitation 4 11 4 4
Barrigr to airflew 2 6 2 2
Roughneas 1 3 1

is the average clevation (in. hundreds of fext) of the points on &
1-mile radios circle centered on the station and divided by the
distance (in miles) to the coasi. X, is the slope of the terrain near

Mean of Standard
Corr. Ho. of campited arior of
Region of applicahility” (1118 stations stn, values estimate
‘ Gnehes) (inchas).
Artizons, Now Hedco, kiemms sastern Galitoria, Novads samh oi ine Srake River Busin, Uth south
of the Snake and Bear River Basing, and Cakornda South of the Yampa and Norin Pm.a River Basing A
(xaandm:...-....., .................. 0.92 262 110 Q.15
Montuna and Wyoming east of 8 generalized cresiline axtending along the Coatinantai D in
northem Montana, the Crazy and Little Beit Mountaing, the Absarcka Ranga, and 1he Continentai .
Divida in southera Wydmin@ (20 .. ..o viuivie it e PO 0.94 125 197 .10
Region north of the southern doundsries of the Snoke, Bul, and Yampa River Basing nnd betwaen ’
2 goncralized crestiine of tho Coscuden nnd o restiing along the C
Divide in aorthern Montana, (e Trazy and Little Beft Mumlalns. the Absaroks Range, ard the
Continental Divide in scutharn Wyoming and narthern Coforado (33 .. oivuvi v iiernciinvnnnn. 081 151 073 o.07
Oragraphic fegions of western Wasklaglon, Orsgon, ond California from the ciest of the Cascads
Range 1o the Pacilic Oeean exiending southward 19 include the area trained Ly the Klamath
ard Satmun Rivers In northern Califomia (4) . . ©.78 . 57 166 023
Noaorographic coasial lowlants of Washington ang Cragan (B) ....... N v 097 59 141 Q.10
Coastal mountains of Californiz from e Trinity River Basin in the norih to the Mexican border (6) . . 087 87 L85 036
Norihern Sierra. Nevada north of Moketunine River Basin {7} ......... ..., Ceeeeaia 0.8 3 203 0.34
Southan Sisrra Nevada south of Cansumags River Basin (8] . ..ocoviviviiiiiiiiiiionn 052 26 168 T ols
Spiticver zone east of the trests of the Siena Nevads and the toastal mountains of southern e
Catifornia and tive southieastern desari region of California () ... .. .ot 088 5 .84 ©.12
Coaztal tawlands ana San Joaquin and Sacramento Valleys of Cafifornia (10} PR 095 . 73 137 .11

* Nuntbers 10 paranthests reter to geographic regions shown In figure 10.

Tabla 5. & atistical pasameiers for relasiuns used for interstation
inferpilation of 160-yr 24«br precipiotion vaiues

Table 7. Siatistical puranieters for relarions used for interstation
incerpolation of 2-yr 8- precipitarion velues-



the station (in bundreds of feet per mile). X, was computzd by
subtracting (he averege height along a 50 arc ceniered 10 miles
soythwest of the station {downwind for the most prevalent storm-
wind direction) from the average height nlong a 90° arc centered.
5 miles northeast of the station (upwiad for the most prevelent
sterm-wind direction). . X, is the average height (in hundreds
of feet) of the final crest (measured along a 10° axc) divided
by the distaace (in miles) between the station aud the fual crest.
The finul Crest was a lized crestline that d the
Sacramento River Basin [rom basins to the west; it was drawn.cn a
1:1,000,000 World Acronausical Chart. Distances to the east of
tlifs crest were considered negative,

‘The first factor, X, combines the measurements of the horizon-
tol and vertica) di from smoisture: It also the aver~
age slope between the station and the coast. The second factor,
Xs, is-a measurs of (he lift imparted to the aiflow in the vicinity
of the station—asmall-scale slope. The third factor, Xy, is a meas-
ure of Jarge-scale Jifting—large-scale slope. 1t can ulso be- consid-
ered 10 yeprosent the general distortion in the ‘large-scale moist
airflow caused by the major orographic barrier. i

‘This equation explains about 84 percent of the variance in the
.2-yr 24-hr precipitation values, with a standard erfor of estimate of
0.50 in. which is about 12 percent of the average 2-yr 24-hr
precipitation value for stations in the region. Of the total variance,
the first variable accouats for about 7O percent, the second, 9
pereent, and the third, 4 perceat. Other variables examined did not
account-for significant additional portions of the variance. The
geographic distribution of the errors is shown in figure 11. The
upper sumber at cach station is the actual difference (in bun-
dredths of inches) between the value computed from observed data
and that estimated from the eguation. The lower number is the
erfor expressed in a percent of (he 2-yr 24-hr precipitation value
at the station No discernible regional pattern in the crrofs was
apparent. Although the factors used in this and the other equations
have a physical micaning, the equation is a statistical refation of
physical factors, There is oo & iont to imply 8 d-eifect
refation, The requisitc knowledge of the precipitation process is not
yet available to develop jons that porate the of
motion, condensation, aod other fsctors to predict precipitation
frequency.

The second {ftustrative cquation was developed: for the Big
Horn River Buasin, south of Saint Xavier, Mont. (region 9, fig. 8).
Minor. portiohs of the North Platié, Powder, Tongue, and Yellow-
stonz River Bisins were also incladed in this region. The equation is

Y = 1.497 4 0.027(X,) -} 0.062(X,) — 0.023(X,). (2)

Y is the estimated 2-pr.24-hr precipitation value in inches. X is
the difference between the station elevation and the lowest eleva-
tion. within 20 miles (in hundreds of feet). X is the difference
between the sum of the maximum heights within 40 miles along
radials to the northwest, west, and southwest, and the sum of the
maximum clevations within 40 miles along redials to the northeust,
cast, and southeasi {in hundreds of feet). X is the direction to the
nearest point on the Continental Divide within the sector from
southwest to north. If, however, thers is a peak higher than 9,000
ft within this sector and it is closer to the station than is the-
.Continental Dividé, X, is the direction to this peak.

d . 15 - i oo 0¥ - Figure 8. Regions used o davelop statistical paraineters jor
UcouN W42 ] T interstation interpolation of 100-yr 24-hw precipitation values.




All three variables aro related to the effect of the ground stope
| in the vicinity of the station. The first iwo variables messure
: ‘differences in height over small and medium distances and reficct
[ the impartance of the stocpness of the stops in the precipitation
B process. Her¢, the moist sirflow of large storms comes from an

casterly direction, frequently associated with a cyclonic center

; south or southeast of the region, and ground clevation grnerally

i increases toward the west or nosthwest, The third vaciable relatss

‘ the oricntation of the ground slope and its sffectiveness in the

precipi Process to 4n opti inflow direction. The total

amount of the varianco accounted for by this relation is about 60

f pereent, with a standard error of estimate of 0.21 in., or about

. 17 percent of the average 2-yr 24-hr precipitation value. The first

. variable accounts for ubout 41 percent of the variance; the second,

! 11 percent; und che last, 8 percent, The geographic distribution of
i . the errors from this cquation is shown in figuce 12,

1t-would have been possible to include normal annua} precipi-

tation In this relation. This factor would havs accounted for sn

i . additional 15 percent of the variaiice and a corresponding decrease

M in the slandard crror of estimate. Where this factor could be

i determined from date, the wse of normal amnual precipitation

would have improved the resulls. As indicated carlier, the results

would include some points for which short-duration precipitation

data were nat available. At points where such dats were not availa-

blo, any improvement would have been deperdent on the ability to

estimate normal annual precipitation. Jn using an cquation with

normal annusl precipitation, the standard error of estimate incor-

porated in the procedure for prepriring nofmal annual precipitation

mape i combined with the standacd ertor of estimate for the

interpolating equation for 2-yr 24-hr precipitation values. When

this combinéd crror is greater than the standurd errar of estimate

for an interpolating equation for 2-yr 24-he precipitation that does

< not include normal annual precipitation, there is a Joss of accuracy

sl through use of the equation including normal annual precipitation.

Withia this particalar region, the inty in estimating mormal

annual precipitation at nondata points was sufficiently Jarge and an

equation developed using only topographic factors ifficiently

relizble that use of the cquation. containing normal annwal precipi-

tation for estimating the 2-yr 24-he precipitation values was not

justified, :

Drawing of lsopluvial lincs on four key maps, In preparing
the isopluvial maps, the p procipitati Q) values
for all stations were plotied, 1a addition to the computed values,
the width of the band, puted according to standard
statistical procedures, was plotted ‘for- the 100-yr retum-period
‘maps. Values estimy; from the i jbed in the pre-

ceding section were plotted for a latitude-Jongitude grid with 5-min
grid points. The total number of grid points was opproxi
mately 47,000, ‘Along the hounduries of cach region, values were:

by the equati icable to- each of thé adjoining

regions:

.-In the construction of isopluvial lines, the question arises as w0
haw. much the station and geid-point data should be smoothed for
the most’effective use of the maps, When drawing the isopluvial
lines thirough the field of grid points and station data, the siandard
etror of estimate for the: various multiple regression cquations and
the confidence ‘band ibout the station data mast be' considered.
Also, smoothing between adjoining regions, where multiple regres-
sion. equations give somewhat different values at the boundacry

Figure 10, Regions used to develop staristical parometers . .
for intersiazion interpolation of 2-yr and 100-yr 120 i "y 10" 105
G-hr precipitation values. Prr—r v




Tahte 8, Statistical parameters for relasions used for Interstation
imerpolation of 100-yr B-hr precipisaion volues

Figurs 11. Geographic diswribusion of exrors for equation nved

(o interpelate 2-vr 24-hr pr itation values for
the Kel River Bastn; scushern porion of Xlamath
River Basim; and Cattonwood, Elder, Thomas,
and Gladstone Creeks, Califorvia.

fines, must be considered separately. Isolines can be drawn to fit
every point ploted on the map, although this would not allow far
some of the rundom dilferences between adjoising grid points that
result from errors-in the multiple regression equation or sampling
exmrs in station data, Also, the courseness of even & S-min Jati{ude-
longitude grid is such that someiimes narrow ridges and valieys are
missed. Becanse of these considerations. occasionaily it wig qeces-
sary to make additional i for such locati Someo
subjective smoothing must be used to make allowances for factors
that could not be éxprossed quantitatively.

In analysis, smoothacss and closeness of fit are basically in-

consistent in that smoothing cannot be carried beyond a certdin
point’ without some saceilice of closeness of fit and vice versa, As
the isolines were drawn, the sampliog error of the station values
aad the standard error of estimatys were considercd.

Additional werking naps, Additiona} working mups were pre-
pazed showing the 100- to 2-yr raties for the 6- and 24-hr dura-
dons and the 6~ to 24-hr ratios for the 2. and 100-yr return
perieds. To minimize the exaggeruted effect of ast outlier (anomo-
lous cvent) from a shost record, only date from those stations with
a minimum recond fength of 20 yrs for the 6- and 24-hr dura-
tions a1 the 100-yr return period were used in these working maps.
Expericoce has shown that for long-record -station data, the ratie
of 6 1o 24-hr values for the same return period and the 100. to
2-yr ratio for the same-duration do not vary greatly over relatively
large areas. The varintion present is consisteat with the vnmuom

i aod hic ¢k

Chmmc factors that provide gcncml gmdus on variations of pw
quency values were d and idersd in a
qualitative “:nw Among these factors are the mean anauzl number
of thunderstorm days (UL.S. Weather Burean 1952, 1947), normal
roontily number of days above vatious threshold velues (Environ-
mentat Sciencs Seeviees Administration, Weather Burcan, 1966},
and mean number of days with rain (Environmental Science Sere-
ices Adnmigistratian, Environmentsl Daia Service 1968).

Intermediate maps. The 47,000-point grid described cartier
way alm uwd in the acalysis of the iscpluvial patterns of the eight
py-—for 5-, 10-, 25- and SO-yr retumn

Hean of Standard
Corr. No. of computed srror of
Region of appilcadility” cosff. stations stn, values ostimate
{inches) {incties)
Arizora, New Mexico, ani fower Colorado River Basin in southeastern California (1a) . . 0.91 103 - 316 0.50
Nevada south of the Snake River Sasin, Utah south of ihe.Saake and Bear River Basins,
sad Colorado south of the Yampa and Nosth Plaite River Bastns (I0) ............... . 0.91 144. 234 047
Mortans and Wyoming east of a crestiine ing nlong the © Divide
in northern Monlana, the Crazy and Liitle Seit Mountaing, lmAbsamka Range, lﬂd the
Continenty} Divido in southern Wyoming {2} ., ... ovniiciniin oo aiinnans 092 110 262 0.91
Reglm nor'h of the southiarn boundaries of tha Snake, Beer, and Yampa Rivar Basins and
betwaen a genarolized ¢restline of the Cascades and a generalizod crostiine extending along
the Continental Divida ir northern Montans, the Crazy and Little Belt Mourtains, the
Absaroka Rangu. and the Cortinantal Divide in soutnern Wyéming and narthem Colorado (3. 0.79 120 1.62 0.22
[ gions of western’ Otregon, and California from the trest of the
Cascade Range m thp Pacific Ocean extinding southward to include the area drained by the
Kiamath and Saimon Rivers in‘narthern Californis (4} ... oiiiiiiin e is .89 &7 298 033
0.1 59 243 “031
097 87 285 039
093 31 381 045 in relutions between
053 26 387 0.50 <jj it
Spiilover zone east of the crests of the Sherrn Nevada and ths coastal mountaing of southern
Catifornia end the southteaster deser region of California (9) . PRI [+3:73 28 229 0.36
Ceastal lowlafids and S#n Jozquin and Sacraments Valeys of Catifornta [£30) I 0.87, 7 298 041
* Numbets in parentheses refer to geogrephic regions shown In figire 10,
Percont Percant
of tota} of total
Number Percent Number number Number Percent  Namber saumber
Factors ol equa- of of times of times Fasters of equa- of of times  of timés
{hy category} tises squations esch. each {by categary) tions aquations each  each
using using facter  factor uing using tactor factor
factar  faztor used used factor  factor  used used
-Slope ... 4 40 1 38 2yrbhrprecipitation ........ 5 5 5 2
. 100-yr 28-5r pracipitation .... 4 36 4 19
245 24n precipitation ... 7 W T 27 '
Elevation .......ou 4 36 4 19
Location {lalitud o longitude) . 4 4c 4 15 Stoge . 4 35 2 19
EIVEHON £ ot eieins 3 30 3 12 2.yr 24-hr precipitation .. ... P | 9 1 |3
Normail annuzi precipitation . 1 9 1 5
Bairier to nitflow ., i 19 - 1 4
Distunice to moistura ... 1 9 H 5
Distance to moistuts .. ... ... 1 10 1 4 toeation ,.........0 veve 1 9 13 B

maps.

pt.nozh for 6- and 24-hr ions were prepared pri ly for the.
canvénicnce of the user. because it is lc»nmmhy suthqcm to pro-
vide two points of the frequency cutve for o particular duration
and to describe the method of interpofation. Four values, one from
cach of the Tour key maps, were read for cach grid point. These
four vilues were used in 3 computer program baséd on the cetum-
period dingrom. (fig. 6) 1o compute values for cight additional.
maps. The key maps were used o8 underlays (o maintain the basic
isopluvial pattern on ail maps.

Blg Horn River Basin

Table 9. Faciors most useful in relasions jor interstation
inserpolation of 2-yr G-lir precipitasion values

Table 10. Factors most useful in relations for interswation
interpolution for 100-yr 6-hr precipiinion vajues

Figure 12. Geographie distribution of ervors for equation
1sed i inses pilnie 2-ve 24-lr precipivation values Jor
the Big Morn River Baxin above Saint Xavier,
Montanu; minur portions of the Norih Plate,
Powder, amf Tongue River Basins in eastern Wyom-.
ing; and minor portions of the Yellowstone River
Basin in northwesternt Wyoming and southeaszern
Moniana.




. Figure 13, Exampies of (A} isohyetal pattern centered-ovar

: : basin as would be the case Jor storm-centered
depth-area curves and (B) two possible occurrances
of isohyetal patierns over a geographically fixed
ared as woiild be the cuse'in development of curves

Interpretation of Results

for a geog_mph:’rally fixed area.

Season of Occurrence

The maps in this Atlas are based \'xpou data for the entire
year, In eertain sections of the \Vrs(, preupuauou is hlghty seu—
sonal. Thas, rainy scason preci ) vales ipp
the annual vialoes. In «cuous where the gretest annoal a-hour
ticn amount muy be observed in any season, seasonal
precipitation-frequency maps would differ from those presented in
this Atlas, In 10 case coukl the seasonal value be greater than the
ashiual vilse, However, the seusongl valoes would be & certain
pereent of the anaual values, with the percent varying according to
the frequency of large storms dudag the season under investiga-
tion. Generdizations adbout the scusonil distribution of largs
storms can be obtained from ESSA, U.S. Weather Bureau Teciini-
cul Paper No. 57 (Environmenial Science Services Admiinistraiion,
‘Westher Bureau, 1966). Currently, there is fio convenient mamier
of applying this knowledge 10 the maps of this Adas, other than
subjectively.,

Within Vs. Among Storms

Data-for the various duration maps and disgrams in this Atlas
were determined independently; dhat is; there was ‘no fequirement
thal the mexintum G- or 1-hr amount for a particular year be
included within the maximom 24-he wmount for thut year. The
maps, thersfore, ropresent an “umong” storm distribution. In re-

gions where winter-iype sterms predomipate, the 6-hr value for a:

wilt be equaled or exceeded, on-the averuge, once dusing the

period indi | on the individual map. In hydrmlogic design, engi-
neers are more concerned with the average depth of precipitation

over an arca thad with the depth at 4 particular point, Depth-area
curves were diveloped to meet this need. The depth-area curve:is
an attempt to refate the average of all point values for:a given
duratios and frequency within a basin o the average depth over
the basin for the same doiation and frequency.

Generally, there are two types of depth-area relations. The
first is the stonm-centered relation; that s, the maximum precipita-
tion occurring when the storm s centered on the area affected (fig.
13). The second type is the geogiaphically fixed-arca relation
where the aren Iy fixed and the $iorm is either centered over it or is
displaced s0 only a portion of the storm affects thé-area (fig: 13).
We can say that storm-centered rainfail data represent profiles of
discrete storms, whereas the fixed-arca data are statisticnl averages
in which the oaximum point values frequently come from different
storms. At times, the raximam éreal valui for the network. s from
a storm that does not produce maxinum point amounts, Each type
of depth-arta relation s vscful, but esch must be applied 1o appro-
priate daw (u,ncrauy. thc swrm‘c.n(ezcd rclauons are used for

of ion; while the,
gcr:grnphxcally fixed nch.mns ate used for sludxcs of prectpnwnnn
frequency values for basins.

Dense networks of precipitation-gages are required {0 furnish
basic data used in developing depth-arca relatons for fixed arcas.
The criteria used in selecting defise netwarks for-the determinadon
of areal precipitaton-frequéncies by the National Weather Service
huve been:

4. Multiply the average value obtuined in step 2 by the ratio
obiained in step 3. The: value. obtained in this step provides the
arcal value for the basin of lnterest for ‘the duration and return
pertod under consideration.

particular returs period woald more closely approximate the &-hr 1. A network should be composed entirely of recording gages.
vahue within the 24-hx storm for the sane return period than would The use of vonrecording gages may groatly increase the number
generally be the case in rogions where convective stotms predomi- und density of stations withia a network, but it iavolvés the con- \
-nate. Lir a study for (e United States east of the Mississippi River, siruction of rmass curves and inteodoces udditional subjectivity. -
Miller (1971) showed that the ratio betweea the 2-yr 1-br value Nonrecording pages are read at variohs hours, usually early morn- \ 2Hou
compuied from the maximum I-hr amount within the 24<hr maxi- ing, fate aficrnoon, or midnight. Because of ceaflicting activities, a 8 —;
nnm and the 2-yr 1-hr value computed using saximum I-hr coaperative observer. muy 1ot always bs obie to read his procipita- \
aptounts varied benween 0.52 and 0.91. Studies Have not been tion gage at the.exact hour specified. In these cases, the exact time e ———
undertaken of this relation in the West, but a wide range in such of the observation may not be available, so it is-hard to relate the &-Hour
ratios and similar atios for the G-hr duration could be-expected, nponcd amounts to those of surrcunding stations, with the preci- \
sion required for devedopment of deprh-nren relativos,
Point Probabilities 2. A miniibud length of record should be established to & T 3-Hour
— . ) ensure & reasonable estimate of the 2-yr arcal precipitation.
The maps in this Atiag are derived from and depict point 3. Gage locations snd cxptmur);s abouf; remain consistent
probabilidies; the data pomh are independent of cach other. Pre- Quring the period of record gnatyzed.
cipitation over a rogion s varisbie, cven In large gesesal area 4. Gages should be located so.that there is at least one sage
storms; ncighboring stutions do not. necessarily expericnce mexi- located within cach. 100 square-mile aea, g o \
o anoual amonaty rm{_l{” 10rme SLOLT. Thu s, e indi?idl.lll The avernge depthi-area curves in this Athas (fig. 14) are for s = X S
points oo theso maps express individual probabilities. That-a point fixed zreas and were developed from dense newworks mueting the z \_
within & prrticular watershod muy receive 30 amouat equal o ot above criteria, The curves were first prepared for sir easlier study Py s
goouder than It 30 or 100yt valuc on 8 partieular dag doss bl (1§ Wearher Buréau 1957-60) and have since been rechecked :
aflect probabilitics for any Giher point wilith that watershed. A against Jonger record data; no changes were needed. Application of 3
second point Within the walershed may expedicnoe an amount thess curves must be cimsistent with the manncs fn which they B uten
equal {0 or greater than its 50- or 100-yr value within the sume were devéloped. The folowing steps are used: H g ™, 20 Min
s10rm or on the acxt day, within the next'week or at any other time. SR e . =
. 1. Estimats point values from 2 grid-of many points over the ¥
basin of interest for the duration and return period required. £
Areal Analysis 2. Compute an average of the point values obtained in step 1. ®
. N . . 3. Usc figurc. 14 to obtain-an arcal reduction factor required £
A valie scad from an isopluvial map ia this Atlas is the value for the precipitation duration ang size-of area vnder consideration. E g 50 100 180; 300, 350 200
for that point and 1he amount for that paxticular duration which t b S = i )

Area (Square Mites)

Flgure 18, Depili-Area curves,




Data vséd to develop and validate the curves of figure 14
exhidited o systematic regional patiern, Duration turned-out Lo be
the major factor. The curves shown ate based on deta for the 2-y1
retarn period. Within the accuracy of the data available, it could
be shown that neither atagoitude nor return period wis a sigifi-
cant facior.

Importance of Snow in Estimating
Frequency Values

Reliability of Results

Tho term “reliability” is used hers as an indication of the
degree of coafidence that can he placed in the accuracy of the
results obtained from the maps. The reliability of these resuits is
influenced by, the sampling. crrorstin tire and space, and by the
manner in which the maps were consttucted. Sampling errors in
time and space resulk from: (1) the chance occurrence of an
anomalous stocu which has a disproportionnte effect on the statise
tics for one mnlan buz not ot those for a nearby stution, and (2)

The . conixibution of snow amounis to the precipitation-f
queney values for durations of 24- hours or less has bccn investi-
ga‘cd in most of the westemn United States. In-many parts of this
region, pasticulaity at higher ions, snow for over 30
percent of the normal snnnal precipitation, This, the imp
of snowlall to short-doration {6- to 24-hr) precipitation-frequency
valaes s of intercst for 'a more complete understanding of the
precipitation-trequency xcgmxt .

Mean amnual precipi -a high of

the geographi of stations. In the relutively aonoro.
graphic (cguons (shown . shaded on ﬁg 8), the occurrence of

largs precipitation events ceo be comsidered to bé relatively ran-

dom over 4 limited geographic arca. Thus, o large precipitation
tvent (especially ‘of convective nature) at a'siatien could just as
¢asily have occurred at a acighbaring station or between stations.
Results from o generalized analysis bascd on space-averging toche
migues are considered more siearly corsect than results determined

-front an analysis of only individual siation data. Ju e more.

regioas, orography bas greuter control on the loeation

SHOW OCCUFIeNCas d:m 1ot necessarily inean that snow
significantly to the anpual serics of maximum 6+ or 24-br precipita-
tion amounts. This problem was investigaied by tabulating two sets
of data fof- all stations where snowfall observations were made
routinely, The first sei of data contained the greatest 24-hr {and
6-hr smounts ut ding-gage staiions) precipi amount for
cach year, regardiess of type of precipi (water equivaient for
snowfall amounts). The second scrim was zestricied solely (6 rain-
fall eveats. In some casss, the second sedes contained amounts as
low ag the, fifih highes:. for @ particulnr year. Results of these
investigations ure reported in the section for cach siate, )

and magnitode of e largest storms and sxmplu spn»e avcmqing
between neighboring: stations is inapprop! mist
be given to cffects u( the sloges of surmundmg texrain, Station
cievations, the intervening barrier between station location and
moistare sourse, etc. ’

The Jocations of the stations used in the analyses are showa in
figures 3 and 4. This. geographic: network ‘of siations dJoes not
reveal with complete acouracy the very detifed structore of the
tsopluvial patterns in the mountainois regions of the West, The
multiple regression cquations discussed carlicr were used to help in
interpolation betwsen valuss computed for these stations. The
standudd errar of cstimate for these relations shauld be considered
when using the precipitation-frequency values shows oo the maps.
In gevetul, the accuracy of the esfimates obtained from the maps
of this Atlas varies frem a misimum of about 10 pereent for the
shorter return peieds in relatively nonorographic regions to 20
peréent for the longer retarn periods in the more rugged oro.
graphic.regions.

The values shown on thosc maps are in geseral agreemeat
with those of Weather Bureau Technical Paper No. 40 (U.S.
Weather Bureau 1961). Differences are found because of the
greater” aitention paid o phmo*:,ruphu [eatores in the preseat
study. Fvcn dmug\ the  precip mups P are

hi facxon, only lhmc of & major

sulc could be mns)dcnd There are somé basing, therefore, that.

are. more sheltered or exposed thun a gencratized topvg'nphm map
would indicate, The map values muay not b xqvxcs~nln¢xve of the
precipleation regimes in such basins,

The major centers of Yasge procipitation-frequency values are
focated on the most exposed and slc"pcsl stopes’ of the mountains,
Obijective studies {such a5 the eyt mon mnly&n yr:v:ous.y dis-
cussed) and exp inp 4 g
indicated some general aidelinés for the i
ceaters ajong crests and on siopss of mountain ranges. Two oxam-
ples will sexve to ilhusteate’ such guidelines. For an initial com-
pleiely cxposed orographic bacder, where the crest of the range
was 3,000 to-4,000 ft: above-ihe plains region to the windward of
the monataia-ind the.slope was.on the order-of 300 1t per mile,
the Jargest fsopluvial line shouki extend past the erest and include a

fittle of the lee side of the: mountain, Where the ‘crest of the range
was 8,000 to 10,000 ft above the plains region to the windward
of the mountain. range and the siope was 'on the order of 1,000 ft
per mile, the isaplavial center would generally be about 4,000 1@
‘6,000 It sbove the plains region, For mountain ranges with crests
and slopes having, other ‘combinations. of 1hese valucs, the place-
nent of the highest prccxpntatmn-fmqucncy vailues would depend
upon the degree of of the in range to moist
beading wind, the mcpnm of the slcpc. e heighi.of the crest,
and other orographic factors. In genera), isopluvial centers for the
longer return periods tend to Be located at-Jower ‘elevations than
the ‘centers Tor the shorter return periods. The distance downslope
that the center is displaced depends on the exposure and stecpness
of the slape. Ceniers will be displaced less vn o steep slope than on
1 gentlé slope similarly exposed.




Table 12.  Adjustmant jactors fo obicin a-min estimates
from I-hr values

Colorado

Tahle 11, Equatlons jor estimating I-hr values in Coloredo with swatistical parameters for coch equation

Discussion of Maps

Mean of Standard Duration (min) ) 10 15 30
. P . o, Nao.of  .computed errer of Ratio to 1-hr. 0.29 0.45 057 079
Figures 20 through 43 -present precipitation-frequoncy maps . S ety A
for Colorado for 6 aad 24-h durations.: Figures 20 through 31 Region of applicabitity” Equation toeff. stations st values s = -
are for anmunt (of afl-senson) values for the 2+, 5+ 10, 23+, 50; . . . tinches) {inches) ({}%oipged from U.5. Weather Bureau Technical Paper No. 40,
" ‘ods. Fige 2 5 g for the M; — - g 5 5 - 04,
B L o, B S S a oa0,  South Piatie, Republican, 1218 4 D.708[0GHX. X)) 0.9 75 101 0.074
ug tober season and arc for probabilities of 0.50, 0.20, Arka 4 Ci River LEDT 5 0,435 (X1
0.10, 0.04, 0.02, 1nd (.01, The Isopluvial maps represent the 360- a’ ‘f"(_sa_,i' and Limarron Rjver 8 087 o[ ‘)‘X" 2] P P ‘2,68 317
and 1,440-min durations for the partial-duration series. Dala were asing (1) 0.0 a4 i o 31 P g for Estimating Val £
rabulated for clock and observation-duy intervals’ for the annual San Juan, Upper Rio Grande, s e 0031 4 D942 (XK /XY 95 86 072 085 rocedures tor estimating vaiues for
scries and ‘were adjusted by the emplricul fdctots. givén in the Upper Colorado, and Guanison Yioo == 0.494 4 0,795[ X)X/ X)) .80 85 1.96 280 Durations Other Than & and 24 Hrs
ANALYSIS section. River Basins:and Green River The isophivial maps in this Atas are for §- and 24-hr dur-
Basin below confluence with the tions. For many bydrologic puposes, values for other durations are
LW“M Iaterval, The isoling inteeval ffcc:d was M!sncg to Yampa River (2) necessary. Such values can be estimated using the, 6- and 24-hr
provide a by i the 1 pattern " N maps a0d the empirical methods cutiined io the fol‘(wnn sections.
in various regions ul' ihe state. The isoline interval 0:« maost of the Yaina and Green R“’f" Basins ¥z == 0.019 4 0. 71‘[()(*)0( /X1 . n.fpwm.,“' detitdd Bolgw for obainiag 1-, 2, nm\gg hy csti-
state on maps for the 24-hr duration is 0.2 in. for precipitation- ;;bcve c;'nf_lueng;: of Green and v 0. 3380 y 570 82 98 040 on niates ‘were developed specifieally for this Atlas. The procecurcs
h.“‘“c“‘:y values below 3.0 in., 0.4 in. between 3.0 in. and 5.0 in,, armpa Rivers (. o 1 0"00 17 (/XIS 80’ 75 1.04 ‘141 for shiaining estinates {of fess o I—hr. durasion .and for 12-br
ansl 0.5 in. ut values greater than 5.0 in. However,.in southwestern . - - . ‘ ditration were adopted from Wearher Bureau Technicsl Paper No.
Colorado along the San Juan Mountains, the annual maps use an North Platte (4) X 0.890[¢3 (%I %)} 83 50 G50 062 40-(U.S. Weather Bureau’ 1961) only after investigation demon-
L“""‘C intezval of 0.2 ip. below precipitation-frequency valués of Yibo = 0.671 <4 0757 [IXe}(XafXe)] strated their applicability to duts ffom the area Covered by this
0 in., and 0.5 in. for eatues over 2.0 in. On the maps for the 6-hr - 0,0032 91 a5 1.71 236 Atlas.
durauon, the interval is O.1-in. for precipitation-frequency vahwes p— . .
under 1.2, i ut the 2-yc and 0.50 and 0.20 probubifity level (on inp refer o hic regions shewn in figure 19. See text for more compiete description,

maps for the May throogh Ociober seuson). At longer retom
periads (or lower probabilities), the upper limit of the 0.1-in. isoline
intervil increases in order to maintain the isdpluvial gradien: and
degrec of detil. Oa all maps for the 6-hr duration, the isoline
charges fom- 0.2 i, below 3.0 in: to 0.4 in. over 3.0+n.
precip tion-frequency values, Dushaed i termedinte lmvs h:m:
been placed between widely separated- isol
whate.a lizear interpolation between the normal isopiuvial inte
would Iead to erroncons juterpolation. “Lows” that.clese within
the boundariss of & particuiar map have betn haiched on thie low-
valugd sido of the isoline,

of snew in p ion-frequency vulses: The
annvul maps in this Atlas xcp'mml frcqusm,y values of precipita-
tion regardless of type: For many hydrologic purposes, precipita-
on faihrg o5 rain must be treéated in @ dilferent manner from that

& rivuiion of snow amounls xo précipita-
i n-fmqucncy vatuss i Colorzdo and (l'c Rocky Moustain Statas
(ioughly Montana, Wyoming, Colorndo, New Mexico, and Utah)
was. investigated, In this area, there were about SO itations per
state having 10 to 15 yrs of eBscrvation of snowfall as part of the

2.yr §-hr value from precipifation-frequency maps
2-yr 24-hr.value from precipitation-frequency meps
precipitation-fraquency maps
100-yr 24.1w value from precipitation-requency maps
point elevation in hundreds cf feet

15 percent, with some indiv

perceni. Abbut bl
percent. These difh

us 40 w50
aier tiad IO
vahues

from un wninal series’of cu
Arom those composed of all-ps
seis of precipitaiion-freqoency maps were needéd.

Snowtall observations are made af only sbout 15 percent of
tation stations nsed 1 diix siudy. For thiy reason, o
roinfall-frequency study could ot be made by dircer methods.

< er half of the year, &
to Ouietie seasen was
e rainfath onfy, The two
'tp; for a ddight bias toward
sexson. This hiss resuits

the prec

Since most snowlall <

serins coutiining only v

compared with the

-serics were i good

higher values for

from som farge amous

ounts only wouk) be diffesent
itation vakues, aud 190 separate

',,rapm ngmns are parually within

The avér-

Protedures lor mimnh‘g 1 (ﬁﬁ-min) pxenipnnmm-l‘xc-
quency vilpes. Muliph were used
ta devaiop cquxuu.; (m' aqualm" v duration valoes. Factors
considered i fhe screening procets were resiricted to those that
conlid be deterrined casily fiom the foaps of this Adas or Irom
generitly available top ngra;)hx. REPS.

The 11 western staies wete,sepurated into seveeal geographle

Tagions. (‘hu -glom. were chosen on the basis of meicorological
and o ity amd are th of
river basing sq,am.cd by prominént dividés. Four of these oo
Colorado.. For convenizave
4 ation-frequency maps, these
on figore 19. Tl t Colorado rgicn is pant
¢ r\.u(m “that lies to the cust of the Continental Divide and
crest of the Sungre & Crino and Sacramento Mounaing and
is south of the divide sepacating the deainage basing of the North
and Scwh Plate Rivers. It consius of thun paxtion of Colosado
drained by the Souih Platte, Republican, ,Arkmma, and: Ciawrron
Rivers {Region 1, fig. 19). The sscond region cousists of the arez
dreined by the Sin Juan, Upper Rio Grande, Upper Coloredo, and
Guanison Rivers and by the Green River beiow its confluence with

: b ant prefere the Yampa Rivee (Regios is part of a Iaget region
precipitation obscrving program. For cach such station, two duta ence uw-'.ml higher cb egions. that extends from southwes Cotorade, westward to the Wasaich
scrxes were formed as dncnsscd nmdcr Interpretation of Regults, H Fwo scts of maps were prcp rado. The first set Mountains of Utah, nad soutbward through Arizona wmd the west-

I of Stiow in Esj y Values. i Ha consists of nomugl yerps hused i all of New Muxico. The third re the monntainous

A ratio was formed of the Z—yx 24 hr valuu for the series con- ! \ . months of e year Withoo! regard & portion of the area beiw Corsinenta ide cnd e crest
teining maximuin anmual eveats without regard to the type of pre- i3 rain did snaw prixed, alt ssow, W of the Cascade ng«: tie poeion that lics within Colorado
cipitation and the 2-yr 24-h value for the serics with stow occur- § { precipuiation viloes from the the northwesten portion of the S:ate that is drained by tho Yuropa
rences elimionted, A plot of this ratio vs. latitude {iig. 15) shows § » v \ 2 was miade in this secord serks tween Ly;‘cx of River and the Gredn River aboy affuence wiih the Yampa
that the ratio tends to be at 3 maximum in the latitude of Colorado Y . /5 pracipitntion ocourring within ihese iths, bt the iuvestigations {Region 3, fig. 19). A smail pertion of Colorado- drained by the
and Utsh, Over 2ll of Coloruds, the all-precipitution series tends § o mentioned In the preceding puagrapi: indicats that these.maps will North Platie & R 4, Gigare 19, The larger region of which
o averags about 10 percent higher than the serics with saow, > il PProXi; he values that weuld e obained by esing a data ik is @ purt inuqus st portion- of Wyeming and Montena cust

Haowever, ion of the data shows it in the. e )§ series made vp of precipiation eveats that are cx.,lu;m;y rain. of Cont b Divide. Equai 1o provide esii for the
relatively fat arcas exst of a smeothed 6,000-f1 contour the differ- ‘n i Since data for only part of the year wers used. these maps have $-hr.duzation for 2- and L00-yr return patiods are siown in wble
chces bclween the two séries are rinor. With diata from this area ™ s ry e been labeled with the appropr bilitics 1ather than with a 11. Also-listed are.the staristival paramelers associated with

climinated, the difference between the two strics averages about

rewurs period in years {figs. 32-43).

cach-equation. In these cguasions, the vasiable [(X)(X/Xp) o2

Figuro 18, Rardo of 2.yr 24-hr value for all daa 10 2-yr 24k
value for rainfall only vs. latitude,




Figure 17, Precipitation depth-duration diagram (6- to 24-hr).

X (Xas X3} can be regarded us she 6hr vahue times the slope
. -of the line connecting the & and 24-hy values for the approprints

returmn petiod.

As with any separation into regions, the boundary cap only
he regarded as the sharpest poriica of a zons of transition between
cegions. These cquations have been tested for bovndacy disconti-
nuities' by computing values using equations from both sides of the

boundary. Differcnices werc found to be mmlly undcr 15 percent.

However, it is d that when along or
within 0 tew miles of a regional bonnduy computations be made
using equations applicable t ench region and that the average of
such computations be adopted.

“Esth of 1-hr precy values for return
periods hetween 2 and 100 \m. The 1-hr valucs for the 2~ wad
100-yr reinn periods can be plotted on the somogram of Sgore 6
to obtain values for return periods greater then 2 yos or léss than
100 yrs, Draw a straight line connecting the. 2- and 100-yr values
and read fhe desired return-period vatue from the nomogram.

Estimates for 2- and 3.hr (120- and lso-mln) pr«npmmon-
frequency values. To obiain esth of p
values for 2 s 3 hrs, plot the 1- and 6-hr \ulucs tmm the Auas on
the appropriate nomogram of figuze 16. Iraw a siraight line con-
necting the 1- and 6-hr vajues, and rend 1hc 2- and 3-kr values
from the This is ind dent of return
period. It was developed usiag data from the same regions used to
develop the 1-hr equations,

The mathematical solution rmm the dala used to devslop

Lgure 1§ gives the foll q fax ing the 2 and
3. valoes:,
For Region 1, 0.342 (G-he) + 0688 {1-h) (3}
figote 19 1,597 (6-ho) 4 0.4C3 (+he)  (4)
For Region 2, 341 (6-hr) 4 0,659 {I-hn}  (5)
figure 19 69 (6-hr} 4- 0431 (t-hr}  (6)
For Regions 3 [©)]

and 4, figore 19 3-hr = 0.467 (6-hr) - 0.533 (1-br)  (8)
Estimates for $2-hr (720-min) precipitation-frequency values,
To obtiin estimates for the 12-hr, duration, plot values from the

.6- and 24-hr maps on figure 17, Read the 12-br estimates ot the

of the line jug these points with the 12.br
durution line of the nemogram.
Estimates for less than L hr, To obtsin estimites for dura-
tions of less thag 1 br, apply the values in table 12 t0 the 1-hr
vaiue for the return period of interest,

1-h 2-he 31 &hr  24-hr -

29r 071 0.83 0.91 108 1.58

Syr 1.38 1.89
10-yr 1.59 2.27
2591 1.90 2.85
50-yr 219 2,95

100-yr 1.86 239 3.35

lllustration of Use of Precipitation-Frequency
Maps, Diagrams, and Equations

To illusirate the use of these mahs. values were read From
figures 20 to 31 for the point al 39700° N. and 1067007 W. These
values are shows in boldfaco type in table 13. The values read
from the.maps should be plotted on the return-period dingram of
figure 6 becuuse (1) nat all points are a5 easy fo locate on a serics
of maps as are laiitude-longitude tntorsections, (2) there may be
same slight registcadon ditferences in printing, and (3) precise
interpolation between isalines is difficuit. This has been done for
the 24-hr values in table 13 (fig. 18a) and a line of best fiu has
been drawn subjectively, On this nomogram, the line fils the data
rather well. Had any points deviated soticeubly from the linc; the
valize would have been rercad feom the line and the new value
substitited in table 13 and adopted in prefercnce o the ariginal
readings.

The 2- and 100-gr 1-hr values for the point were computed
from the cquam‘m applicable to Region 1. figure 19 (table 11),
since the point is gest of the Continental Divide, The 2-yr Lhr
value is estimated at 0,71 in. {2-yr 6- and 24-hr values trom tuble
13); the estimated 100-yr b-hr value is 1.86 in. (100-yr 6- and
24-hir valoes. trom rable 13 and clevation of 9,500 £1). By plotting

these 1-hr values on figure § and conneciing them with a straight.

Jine, one can obtain estimates-for return periods of §, 10, 25, and
50 yrs.

The 2~ snd 3-hr values can be estimated by using the nomo-
gram of figure 16 or eguations (3) and (4). The I- and &-hr
values for the desiced return périod ‘are obrained as above. Plot
these poims on the nomogram of figute 16 and conneet them with
a straight line. Read the estimates for 2 or 3 hus at the intersections
of the comnecting line and the 2- and 3-hr vertical lines. An
example-is shown in figurc 18b for the 2-yr retum period. The
2-yr 2-hr (0.83 in.) and 2-yr 3-hr (0.51 in.) valucs are in italics
on tzble 13,

Precipcation Degtt Caches)

Ouration (Hoars)

Table 13, Precipization data for depih-frequency atlas
coniputation-point 108°02° W., 39°00° N.

Figure 18. Precipitation depth-duration diagram (I 20 6-hr).
a. South Pla:te, Republican, Arkansas, and Cimarron

River Basins {Region 1, fig. 19).

San Juan, Upper Rio Grande, Upper Colorado, and

Gunnison. River Basins and Green River Basin

below its confiuence with the Yampa River (Region

2,fig. 19).

Yampa and Green. River Basins above confluence

of Green and Yanipu Rivers (Region 3, fig. 19)

and North Plate Dralnage (Region 4, fig. 19).

L4

-0




Figure 18, /il of use of p

using values from previpitation-frequency maps and )
relations at 106°00° W., 39°00° N.

Precipitation Oepth (Inches}
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